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Preface 


Many of the world’s pressing economic: and social,problems origi¬ 
nate partly at least in the differences in environment and natural 
resources over the regions of the earth. A clear understanding of the 
physical environment, therefore, immeasurably enriches the study 
of economic, social, and political problems. For the American stu¬ 
dent particularly, because of the striking differences in natural en¬ 
dowment among different parts of the United States, an intelligent 
consideration of many national problems presumes a knowledge of 
the contrasts in climate, land surface, soils, minerals, and other 
resources between East and West, between North and South. 

In recent years, for example, the all-important subject of conserva¬ 
tion of its natural resources has commanded the attention of the 
nation. Basic to a discussion of the problem of conservation is a 
knowledge of the nature and occurrence of such resources as soils, 
waters, and minerals. These facts are a vital part of the study of the 
physical earth; hence, the subject of conservation has a logical and 
important place in a treatment of the earth and its resources. 

It is the purpose of the authors of this book, therefore, to present 
the basic facts concerning the earth as the home of man so that the 
student may realize their importance and understand their relation¬ 
ship to the problems of his own time and place. To this end the 
major features of the physical earth are considered primarily as 
separate topics and secondarily in connection with the different re¬ 
gions of the earth. These features of our environment are discussed 
under the following main headings: (1) the atmosphere-weather 
and climate; (2) landforms—plains, plateaus, hill country, and moun¬ 
tains; (3) the oceans and their shores; (4) earth resources—waters, 
vegetation, soils, and minerals. This treatment is supplemented by 
an analysis of the various types of regions, for example, climatic 
regions and landform regions. The elements of the environment are 
further considered in their regional combinations and are viewed 
in the light of their value for man’s economic and social use. 

Serious effort has been made to keep both the content of the 
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book and its language and vocabulary at a level that will be under¬ 
standable to the beginning student in a subject which may be, and 
often is, treated in a highly technical manner. Technical terms are 
used sparingly and, when they are employed, are carefully explained. 
More than 400 maps, diagrams, and photographs have been included 
to illustrate the text material and to assist the student in visualizing 
the phenomena of the physical environment. 

The factual materials for this textbook have been drawn from the 
most accurate and recent sources available. The content and organi¬ 
zation have come largely from Elements o) Geography , a college 
textbook by two of the authors. The third author, having found 
Elements of Geography to have many features desirable in high- 
school classes, recruited the cooperation of the authors of this book 
in the development of a simplified textbook. With the background 
of an extended teaching experience in the secondary schools, he has 
largely restated the subject matter for use at that level of instruction. 

A laboratory manual has been prepared to accompany this text¬ 
book, so that the classwork can be presented in the manner used in 
other laboratory sciences. There is sufficient laboratory work for a 
two-semester course. If the work must be confined to one semester, 
some of the laboratory work may be omitted. The use of the exer¬ 
cises in the laboratory manual contributes much to the interest and 
comprehensiveness of the course. 

The authors wish to make grateful acknowledgment to the many 
individuals who have assisted them in the preparation of this text¬ 
book and in particular to Mrs. M. II. Shearer, for her critical and 
clerical assistance during the preparation of the manuscript; to R. S. 
Harris, of Westport High School, who read part of the text criti¬ 
cally, and to M. W. Bishop, of Southwest High School (both of 
Kansas City, Missouri), who read the chapter on soils. The coopera¬ 
tion of Miss Virginia Holbert, in charge of the library of the De¬ 
partment of Geology and Geography at the University of Colorado, 
has also been most helpful. 

V. C. F. 

G. T. T. 

M. II. S. 



Contents 


PREFACE . V 

1. The Earth and Its Planetary Relations .... 1 

2. Temperature of the Atmosphere*.21 

3. Atmospheric Pressure and Winds.45 

4. Atmospheric Moisture and Precipitation . . . . 73 

5. Storms and Their Weather Types .... .09 

G. Climates of the Tropics and the Dry Middle Latitudes . . 130 

7. Climates of Middle and High Latitudes .... 157 

8. Composition and Changes of the Earth’s Crust.187 

9. Wearing Away and Building Up of the Land.212 

10. River-Made Plains.239 

11. Glaciated Plains.263 

12. Plateaus and Hill Country.284 

13. Mountains.306 

14. Oceans and Their Shores.331 

15. Water Resources of the Land . ..362 

16. Native Vegetation and Animal Life.393 

17. Soils.424 

18. Mineral Fuels, Ores, and Other Economic Minerals .... 444 

19. Major Regions and Resources of the United States.476 

Appendix 

a. The Seasons.515 

B. Supplementary Climatic Data.519 

c. Meteorological Instruments and the Weather Map ... 521 

vii 
















VIII 


CONTENTS 


Appendix—(C on ti n ucd ) 

d. Interpretation of Maps.538 

e. U. S. Topographic Quadrangles.547 

f. Rocks and Minerals.551 

o. Principal Subdivisions of Earth History.555 

H. Useful Data and Tables.55b 

i. Maps.558 

List of Visual Materials.555 

573 


Index 








chapter i. The Earth and Its 


Planetary Relations 


Among the most important and lun- 
damental subjects studied by man are 
those dealing witli the earth and its 
planetary relations. These subjects 
are referred to as the earth sciences. 

EARTH SCIENCES 

Astronomy is the earth science that 
deals largely with the relationships 
among the earth, sun, and moon and 
with the study of stars, planets, com¬ 
ets, and other heavenly bodies. These 
distant bodies are observed and pho¬ 
tographed by means of telescopes. 

One of the largest telescopes ever 
used by astronomers is now located 
in southern California. The reflect¬ 
ing mirror of this “giant eye” is 200 
inches in diameter. Such great tele¬ 
scopes enable us to increase our 
knowledge of the stars and planets. 
And as such knowledge has been ac¬ 
quired, men have discarded many old 
superstitions about the various heav¬ 
enly bodies. 

Astronomy stirs the imagination. 
From a practical standpoint, a knowl¬ 
edge of astronomy is absolutely essen¬ 
tial to the celestial navigator. Navi¬ 


gation is the science that answers two 
fundamental questions: (1) Where 
am I? (2) How do I get from here to 
there? The celestial navigator an¬ 
swers these questions largely by ref¬ 
erence to the positions of stars and 
planets. 

Geology is the earth science that is 
a study of the composition, structure, 
and history of the earth. The solid 
earth is composed of rocks of various 
kinds. Within the vast rock forma¬ 
tions are deposits of minerals. Some 
minerals contain metals, such as iron, 
copper, and aluminum. 

A study of mineral resources and 
reserves of various regions or coun¬ 
tries leads us into the field of eco¬ 
nomic geology. Rock structures often 
help the geologist in locating deposits 
of minerals, especially petroleum. 

Historical geology is mainly a study 
of the fossils of plants and animals 
that are preserved in the rocks. In 
any good museum, one may observe 
fossils of animals that lived on the 
earth many millions of years ago. 

In recent years some of the princi¬ 
ples of physics, especially those of 
electronics, have been combined with 
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geology to establish a specialized field 
of study called geophysics. 

Meteorology is the earth science 
that pertains entirely to the atmos¬ 
phere, or envelope of air about the 
earth. This science includes the study 
of weather, the causes of various 
types of weather, and the principles 
of weather-forecasting. Weather in¬ 
formation is of greatest value to the 
operators of commercial airlines, the 
airplane pilot, the farmer, and the 
shipper of perishable goods. 

Closely associated with meteorol¬ 
ogy is the study of climate, or clima¬ 
tology. . The climatologist is interested 
primarily in the description and lo¬ 
cation of the various types of climate 
on the earth’s surface. Climate refers 
to general atmospheric conditions in 
a given locality for the entire year. 
The climate of Chicago, Illinois, for 
example, is unlike that of San Fran¬ 
cisco, California, and both differ con¬ 
siderably from that of the Amazon 
basin in northern Brazil. 

Oceanography is the earth science 
that deals with the oceans and their 
shorelines. It involves study of the 
composition, temperature, and pres¬ 
sure of sea water, and the movements 
of ocean water, which are of two prin¬ 
cipal types: tides and ocean currents. 

From a biological standpoint, the 
oceans are interesting because of the 
great variety of plant and animal life 
that they contain. A knowledge of 
oceanography is especially important 
to men who sail the ships of the sea, 
and to those who take from the sea 
the enormous amount of sea foods 


annually consumed by the people of 
the earth. 

Geography is the science of the 
earth’s surface. It consists of a system¬ 
atic description and interpretation 
of the distribution of things on the 
lace of the earth. The earth sciences 
already mentioned may be considered 
as specialized fields of study that have 
branched out from the parent sub¬ 
ject, geography. 

Our knowledge of the face of (he 
earth has increased tremendously. 
Consequently, we now have several 
subdivisions, or kinds, of geography. 
Chief among the subdivisions are 
physical geography, economic geogra¬ 
phy, human geography, regional ge¬ 
ography, and political geography. 

Physical geography. Physical geog¬ 
raphy, with which this book is con¬ 
cerned, is the earth science that deals 
with a study of environment. Since 
environment includes weather, cli¬ 
mate, local rock formations, mineral 
resources, landforms, soils, natural 
vegetation and animal life, and the 
presence or absence of water bodies, 
it is evident that physical geography 
must include portions of the various 
earth sciences mentioned in previous 
paragraphs. In fact, in some schools, 
physical geography is called earth 
science; in others it is taught under 
the name of physiography. Many spe¬ 
cialists in the field of education con¬ 
sider that physical geography is a sub¬ 
ject that provides a solid foundation 
not only for the study of economic, 
human, and political geography but 
also for the social studies such as his¬ 
tory, economics, and sociology. 



THE EARTH AND ITS PLANETARY RELATIONS 


3 



Fig. 1. The planets move about the sun in orbits nearly spherical in shape. Mercury is nearest 
the sun; Venus comes second; then the earth, around which is shown the orbit of the moon. Next 
in order are Mars, Jupiter, Saturn, Uranus, Neptune, and Pluto. Revolving around the sun be¬ 
tween the orbits of Mars and Jupiter are several hundred asteroids. 


As we study the various kinds of 
environment found on the face of 
the earth, we begin to appreciate the 
conditions under which men live. 
People working in different environ¬ 
ments contribute different products, 
commodities, and cultures to the total 
life of mankind on the earth. We 
must learn to appreciate each contri¬ 
bution. Such appreciation, combined 
with increased exchange of commod¬ 
ities, ideas, and learning, should 
speed the day when the nations of 
the earth will live in peace with one 
another. 

Our study of physical geography, 
or earth science, begins with a con¬ 
sideration of the earth as a member 
of the sun’s family. This family we 
call the solar system (Fig. 1). 

THE EARTH 

Many familiar conditions, both in 
the realm of nature and in our every¬ 
day lives, have their origins in the 
shape and size of the earth and its 
relation to other heavenly bodies, es¬ 
pecially the sun. Our common ideas 
of distance, area, direction, time, and 


weight depend upon these conditions 
of earth size and relation. Such phe¬ 
nomena as day and night, the seasons, 
the tides of the ocean, and indeed the 
very existence of the oceans and the 
atmosphere depend upon them also. 
Knowledge of the external relations 
of the earth is important to an under¬ 
standing of the nature of earth envi¬ 
ronment and of the ways in which 
natural features arc related to those 
created by man. 

The earth in space. The earth is a 
planet. It is a member of the solar 
system, which consists of (1) the sun, 
which is a star and the center of the 
system; (2) nine planets and their 
satellites, all of which revolve around 
the sun; (3) several hundred aster¬ 
oids, which are small planets; and (4) 
a few comets. 

The planets in order from the sun 
are Mercury, Venus, Earth, Mars, 
Jupiter, Saturn, Uranus, Neptune, 
and Pluto. It should be remembered 
that the sun shines by its own light 
but the planets reflect the light of 
the sun. 

The earth’s satellite, the moon, re¬ 
volves around the earth about once 







4 


THE EARTH AND ITS RESOURCES 


a month (Fig. 2). Earth and moon 
travel together, making a complete 
trip around the sun once a year. 
Eclipses occur when the three bodies 
—sun, earth, and moon—are in a 
straight line. When the moon comes 
between the earth and the sun, an 
eclipse of the sun results. This can 



Fig. 2. Phases of the moon and the eclipses. At 
the right, the moon is in position for total 
eclipse of the sun, visible at the point where 
the moon's darker shadow reaches the earth. 
A partial eclipse would be observed at other 
points such as B and C. At the left, the moon 
is in the earth's shadow. When this occurs, an 
eclipse of the moon is observed from the earth. 

occur only at the new moon. When 
the earth is between the sun and the 
moon, an eclipse of the moon results. 
This can occur only at full moon. 
The distance from the earth to the 
moon is much less than the radius of 
the sun. 

Shape of the earth. The earth is 
almost a sphere. A slight flattening 
at each earth pole causes the distance 
from the earth center to the pole to 
be about 13.5 miles shorter than the 
distance from the center to any point 
on the equator. This is the earth’s 
greatest departure from being a true 


sphere. Great ocean deeps reach 6 
miles or more below sea level, and 
high mountain peaks 5.5 miles above 
sea level. If, however, the circumfer¬ 
ence of the earth is represented by a 
true chalk circle of the largest size 
that can be drawn on an ordinary 
blackboard, the chalk line will have 
more than enough thickness to in¬ 
clude all the earth’s departures from 
being a true sphere, if they could be 
represented properly at that scale. 

Size of the earth. The earth has a 
polar diameter of about 7900 miles 
and an equatorial diameter about 27 
miles greater. At the equator the 
earth measures about 21,810 miles 
in circumference. Its surface area is 
nearly 197 million square miles. The 
size of the earth is, therefore, great 
but not vast in comparison with some 
other heavenly bodies. The planet 
Jupiter, lor example, has a diameter 
of more than 80,000 miles. 

Force of gravity. Because of its great 
size and density (mass per unit vol¬ 
ume), the earth has a strong attrac¬ 
tion for objects on or near its surface. 
This attraction is called the force of 
gravity . It holds the atmosphere and 
hydrosphere (waters of the earth) on 
the earth’s surface. It determines the 
weight of all objects. The force of 
gravity in fact holds the earth to¬ 
gether and attracts all objects to it. 
Its constant presence is taken for 
granted by everyone. 

The force of gravity enables build¬ 
ers to establish a vertical line (neces¬ 
sary in constructing walls of build¬ 
ings) by means of a plumb line (a 
string to which a weight is attached). 



5 


THE EARTH AND ITS PLANETARY RELATIONS 


Such a line is perpendicular to a tan¬ 
gent to the earth’s surface at the 
point where it touches. A line drawn 
perpendicularly to the tangent at 
some other point is not vertical (Fig. 
3). The shadow of the plumb line at 
noon (sun time) establishes a true 
north-south direction. 

Land, water, and air. The solid 
mass of the earth (the lithosphere) is 
covered in part by water (the hydro¬ 
sphere). Both are surrounded by 
an envelope of gas (the atmosphere) 
that has a thickness of at least sev¬ 
eral scores of miles. Each of these 
“spheres” touches upon the life of 
man in many ways, and their many 
different features or phases combine 
and recombine in hundreds of ways 
to make up the sets of natural fea¬ 
tures that characterize different re¬ 
gions of the world. 

Some of the combinations of hy¬ 
drosphere and atmosphere form re¬ 
gions that are eminently suited to 
the habitation of man and to inten¬ 
sive use by modern human society. 
Others form regions that are very un¬ 
suited. In the latter group are the 
depressed parts of the earth’s crust 
that are occupied by oceans and the 
great seas. These together occupy 
about 71 percent of the surface of 
the sphere, leaving the smaller part, 
about 29 percent, as the exposed 
continental surfaces. Only these are 
in any degree suited to permanent 
human abode. 

The total area of the land surface 
of the earth, about 51 million square 
miles, is equal to about 17 times the 
area of the United States. Upon this 


rather restricted surface the entire 
human population of the earth re¬ 
sides and tries to secure a living. 
However, large parts of the land, for 
one reason or another, are poorly 
suited to human occupation or use. 
This book is designed to direct atten¬ 
tion to the many different phases of 


E C 



Fig. 3. The line CD is the plumb line. Only such 
a line can be called vertical. The line EF, for 
example, although parallel to CD, is not verti¬ 
cal, for it does not form, with a radius, a 
straight line to the center of the earth. 

the major elements, land, water, and 
air, which combine to create the great 
variety of conditions under which 
men live. 

EARTH MOTIONS 

Earth rotation. The two principal 
motions of the earth are (1) rotation 
on its axis, and (2) revolution around 
the sun. The earth rotates upon an 
imaginary axis which, because of the 
polar flattening, is its shortest diame¬ 
ter. The ends of the axis of rotation 
are at the earth poles. The time re¬ 
quired for the earth to rotate once 
upon its axis is called a day and is 
divided into 24 hours. 
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During the period of one day each 
place on the sphere is turned alter¬ 
nately toward and away from the sun. 
Each experiences a period of light 
and a period of darkness. Each also 
has been swept over twice by the 
circle of illumination (the dividing- 
line between day and night), once at 
dawn and again at twilight. 


VERNAL 

EQUINOX 




AUTUMNAL 

EQUINOX 


Fig. 4. Relation of the inclination of the earth's 
axis to the change of seasons in the Northern 
Hemisphere (see Appendix A). 

The direction of earth rotation is 
toward the east. This fact has broad 
significance. Not only does it deter¬ 
mine the direction in which the sun, 
moon, and stars appear to rise and 
set, but it is also related to other 
earth phenomena of far-reaching con¬ 
sequence, such as the prevailing di¬ 
rections of winds and ocean currents 
(see Chapter 3). 

Earth revolution. The rotating earth 
revolves in a slightly elliptical orbit, 
or path, about the sun. It keeps an 
average distance from the sun of 
about 93 million miles (Fig. 4). It is 


held in its orbit by two forces: (1) 
the attraction of gravitation of the 
sun and (2) centrifugal force. 

All heavenly bodies attract one an¬ 
other. File larger the body, the 
stronger is its attraction. The sun is 
an enormous body, having a diameter 
of about 860,000 miles. The great 
size of the sun is largely responsible 
for its tremendous attraction of gravi¬ 
tation, which holds the various plan¬ 
ets in their orbits. The attraction of 
gravitation of the earth holds the 
moon in its orbit and attracts mete¬ 
ors toward the earth. The meteors, 
wrongly called “shooting stars,” burn 
because of friction with the earth’s 
atmosphere caused by the terrific 
speed at which they are traveling 
(Fig. :>). 

The speed of the earth as it travels 
through space is indeed great, being 
more than 60,000 miles per hour. 
This speed tends to pull the earth 
away from the sun, like mud flying 
off a rotating wheel. The outward 
pull exerted by a rotating body is 
called centrifugal force. This force 
opposes the sun’s attraction of gravi¬ 
tation. Here there is a continual 
struggle between two great forces. 
The balance between them estab¬ 
lishes the orbit over which the earth 
travels year after year. 

The time required for the earth to 
pass once completely around its orbit 
fixes the length of the year. During 
the time of one revolution, the spin¬ 
ning earth rotates on its axis approxi¬ 
mately 365% times, thus determining 
the number of days in the year. 

An imaginary plane passed through 



THE EARTH AND ITS PLANETARY RELATIONS 


7 



Fig. 5. A meteor made this basin near Winslow, Arizona. The basin is nearly a mile in diameter 
and about 600 feet deep. (Courtesy Trans World Airline.) 


the sun and extended outward 
through all points in the earth’s orbit 
is called the plane of the orbit . The 
earth’s axis has a fixed inclination of 



Fig. 6. The earth's axis is inclined 2314° from 
a line perpendicular to the plane of the earth's 
orbit. 


about 23%° from a line perpendicu¬ 
lar to the plane of the orbit (Figs. 6, 


7). This position is constant, with the 
North Pole always pointing toward 


s 

Fig. 7. The sun, somewhat off center in the 
earth's orbit, is about 3 million miles closer 
to the earth in January than it is in July. Winter 
and summer climates are due to the inclination 
of the earth's axis NS and not to distance from 
the sun. 

the North Star. Therefore, the axis at 
any time during the yearly revolu¬ 
tion is parallel to the position it occu¬ 
pied at any previous time. This is 
(’ailed the parallelism of the axis . 

The degree of inclination of the 
earth’s axis and its parallelism, to- 
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gether with the earth’s shape, its rota¬ 
tion on its axis, and its revolution 
about the sun, combine to produce 
several earth phenomena that are of 
vital importance among the condi¬ 
tions that surround us. Some of these 
are (1) the primary distribution of 
the sun’s heat and light over the 
earth, (2) the changing of the seasons, 
and (3) the changing lengths of day 
and night. These matters and others 
related to them will be discussed 
more fully in their connection with 
climate (Chapters 6, 7). 

LOCATION ON THE EARTH 

Earth grid. The location of the 
North and South poles of the earth 


90°N 



Fig. 8. Simplified diagram of the globe showing 
one of the parallels and a great circle, made 
up of two meridians. Point A could be located 
on any map by the direction "0® long., 0° 
lat."; point B, by the direction "180° long., 
50°N lat." 

is established by rotation of the earth 
on its axis. With the poles as starting 
points, a system of lines can be drawn 
upon a globe. These lines, called 


parallels and meridians , make possi¬ 
ble the location of places on the 
earth’s surface. The complete system 
or network of parallels and meridians 
is called the earth grid . 



Fig. 9. The distance between two points on a 
parallel (a small circle) may be covered more 
quickly by following a great circle route than 
by following the arc of the parallel. The great 
circle path on a globe may be observed by 
stretching a string tightly between any two 
places. The arc of the larger circle more nearly 
approaches a straight line. 

The equator, zero latitude, is a line 
that passes around the earth halfway 
between the poles. It is a great circle . 
A great circle is (1) the largest circle 
that can be drawn on the globe, (2) 
the shortest distance between two 
points on the earth’s surface, and (3) 
a circle whose plane always passes 
through the center of the earth. If 
a wire hoop is made to fit snugly 
around the equator on a globe, it can 
be adjusted so as to pass through any 
two points on the earth’s surface, in¬ 
dicating the shortest, or great circle, 
distance between these points. Ocean 
liners and airplanes follow great cir¬ 
cle routes whenever possible. 

A parallel is an east-west line, 
drawn completely around the earth, 
with all points equidistant from the 
equator. Parallels are called small cir¬ 
cles , because each one is smaller than 
the equator, the size decreasing as the 
poles are approached (Fig. 8). The 
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great circle distance between two 
points on the same parallel is shorter 
than that along the parallel itself 
(Fig - 9) - 

Latitude is distance measured in 
degrees north and south of the equa¬ 
tor. From the equator to each pole 
is 90°. Parallels of latitude on a map 
or globe may be drawn 1, 5, 10, or 
any other convenient number of de¬ 
grees apart. All points on the same 
parallel have the same latitude. One 
degree of latitude is always about 69 
miles. Philadelphia is on the 40th 
parallel of north latitude. Its distance 
from the equator is, therefore, about 
2760 miles. 

Latitude is determined by a sex¬ 
tant, an instrument that measures the 
angle between the sun’s rays and a 
tangent to the earth’s surface. This 
angle is called the sun altitude (Fig. 
10). The altitude of the North Star 
is used in calculating latitude at 
night. On board ship, latitude is usu¬ 
ally determined at noon, provided 
the sun is not hidden by clouds. One 
degree of latitude (or longitude) is 
divided into 60 minutes ('), and 1 
minute into 60 seconds ("). Thus the 
exact latitude of a given point may 
be 49°56T4"N. 

Four parallels of latitude are of 
special importance. Because of the 
23*4° inclination of the earth’s axis, 
the vertical rays of the sun move 
23%° north and south of the equator 
(Fig. 11). The Tropic of Cancer is 
the parallel 23 1 / {>°N and is the far¬ 
thest north reached by the vertical 
rays of the sun at the time of 
the summer solstice , about June 21 


(Northern Hemisphere). The Tropic 
of Capricorn is the parallel 23%°S 
and is the farthest south reached by 
the vertical rays of the sun at the time 
of the w in ter solstice, about Decem¬ 
ber 21. The A retie Circle is the paral¬ 
lel 66i{>°N and is determined by the 
point where the sun’s noon rays are 


N.R 



Fig. 10. Point B represents any point on the 
equator at noon at the time of an equinox. 
The sun is directly overhead, with its rays strik¬ 
ing the equator at an angle of 90°. At Phila¬ 
delphia (A) the angle is 50°S. At Cape Horn 
(C) the angle is 34°N. Since angle X — X', it 
is evident that the latitude of A = 90° — S.A. 

tangent, to the earth’s surface at the 
time of winter solstice. The Antarctic 
Circle is the parallel 66>{>°S and is 
determined by the point where the 
sun’s noon rays are tangent to the 
earth’s surface at the time of summer 
solstice. These four parallels are often 
considered as the boundary lines be¬ 
tween the tropical, intermediate, and 
polar zones of the earth. 

The vertical rays of the sun cross 
the equator twice each year. The time 
of their first crossing, about March 
21, is called the vernal equinox. 
Their second, about September 21, 
is called the autumnal equinox. On 
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Fig. 11. These studies of the distribution of light on the earth in winter and summer present in 
detail two of the positions illustrated in Fig. 4. The sun's rays are shown by parallel lines. Note 
the shifting of the vertical ray. Angle A is the altitude of the noon sun at a point 53°N lat. On 
the June 21 diagram, what is the sun altitude at the Tropic of Cancer? at the Antarctic Circle 
at noon? at the Arctic Circle at midnight? 


these dates, day and night arc equal 
everywhere on the earth, each being 
12 hours. 

A meridian is a north-south line 
drawn on a globe from pole to pole. 



Give the longitude and latitude of the other 
points. 

Each meridian is one-half of a great 
circle. All places on any one meridian 
have the same longitude. Meridians 
may be spaced any convenient num¬ 
ber of degrees apart on a map or 
globe. The prime .meridian is zero 


longitude and passes through Green¬ 
wich, near London, England. 

Longitude is distance measured in 
degrees east and west of the prime 
meridian. The only point on the 
earth’s surface having zero longitude 
and zero latitude is in the Gulf of 
Guinea on the west coast of Africa, 
where the equator crosses the prime 
meridian (Fig. 12). Longitude ex¬ 
tends 180° east and 180° west from 
the prime meridian. 

Opposite the prime meridian is the 
international date line which roughly 
follows the 180th meridian near the 
center of the Pacific Ocean (Fig. 13). 
This is the line “where day begins 
and ends.” Travelers crossing the 
date line going west add a day and 
going east subtract a day. When it is 
noon on the prime meridian, it is 
midnight on the 180th meridian. 
Likewise, when it is noon on the 
meridian of 90°W long, (near St. 
Louis, Missouri), it is midnight on 
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Fig. 13. When crossing the international date line going west, travelers add a day; going east, 
they subtract a day. Only when it is midnight on the date line is the whole world living in the 
same day. 


the meridian of 90°E long, (near Cal¬ 
cutta. India). 

Degrees of longitude vary in length. 

All the parallels of latitude, except 
the equator, are smaller than a great 
circle. Since each parallel, regardless 
of its circumference, is divided into 
360°, it follows that the length of 1° 
of longitude, in miles, must decrease 
toward the poles. One degree on the 
equator, a great circle, has about the 
same length as an average degree of 
latitude (about 69 miles). 

The accompanying table gives the 
approximate number of miles per de¬ 
gree of longitude along certain paral¬ 
lels. 


Latitude, 

degrees 

Miles per 
degree of 
longitude 

Latitude , 
degrees 

Miles per 
degree oj 
longitude 

0 

69 

SO 

44 

10 

68 

60 

34.5 

20 

65 

70 

23 

30 

59 

80 

12 

40 

53 

90 

0 


The longitude of an unmapped 
place east or west of the prime merid¬ 
ian or of a ship at sea can be deter¬ 
mined only by finding the difference 
in time between that place and the 
prime meridian. This was first accom¬ 
plished by means of accurate time¬ 
pieces ( chronometers) carried on 
board ship and set at Greenwich, or 
prime meridian, time. Observation of 
the sun at the instant when it reached 
the highest point ( zenith) in its daily 
course across the sky gave local noon 
time, which could then be compared 
directly with the chronometer, and 
the difference in time translated into 
degrees and minutes of longitude 
(Fig. 14). 

Now, instantaneous communica¬ 
tion by telegraph and radio makes 
accurate time comparison possible 
almost everywhere and, therefore, 
makes possible greatly improved de¬ 
terminations of longitude. This is of 
particular aid in geographical explo¬ 
ration, aviation, and ocean transpor¬ 
tation. 
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West longitude Bast longitude 

90° 75° 60° 45° 30° 15° 0° 15° 30° 45° 60° 75° 90 ° 



Fig. 14. Fifteen degrees of longitude equals 1 hour of time. When it is noon in London, it is 
6 A.M. in St. Louis, Missouri, and 6 P.M. near Calcutta, India. Suppose that on board ship the 
sun time is noon (sun due south) and London time (by radio) is 3 P.M. The ship is 45°W long. 
What would be the longitude of a ship that at noon received London time as 9 A.M.? as 
6 A.M.? as midnight? 


Accurate location. The intersection 
of any two lines is a point. Conse¬ 
quently, any point on the earth's sur¬ 
face may be located by determining 
that it lies at the intersection of a 
certain meridian with a certain paral¬ 
lel. By exact determination of its lati¬ 
tude and longitude, the location of 
any place may be expressed briefly 
and with great accuracy. Thus, when 
we say that the dome of the national 
Capitol at Washington, D. C., is lo¬ 
cated at 38°53'23"N lat. and 77°00'33" 
long, west of Greenwich, we have 
stated its exact position on the earth 
to within 10 paces. 

The nautical mile. The nautical, or 
“over-water/* mile is 6080 feet. The 
statute, or “over-land,” mile is 5280 
feet. On any great circle, 1 degree is 
60 nautical miles, or 1 minute is 1 
nautical mile. To change nautical to 
statute miles, multiply by 1.15. 

Let us calculate the distance be¬ 
tween two points on the equator, a 
great circle. Point A is 10°W long., 
point B is 22°W long. From A to B 
is therefore 12 degrees. 


12 X 60 = 720 nautical miles 
720 X 1.15 = 828 statute miles 

Maps. A map is an attempt to rep¬ 
resent, in some manner, part or all 
of the earth’s surface (see Appendix 
1)). Accurate maps are drawn by mak¬ 
ing use of longitude and latitude. 

The Mercator map is especially 
valuable in navigation, mainly be¬ 
cause the parallels and meridians are 
straight lines. This makes easy the 
measuring of the angle between a 
flight or sailing path and a meridian. 
A line that crosses all meridians at 
the same angle is called a rhumb line. 
On the Mercator map such a line is a 
straight line (Fig. 15). For short dis¬ 
tances, the rhumb line provides 
satisfactory flight or sailing route. For 
long distances, such as from Califor¬ 
nia to Japan, the great circle route is 
much shorter than the rhumb line 
(see laboratory exercise on Great Cir¬ 
cle Sailing). 

A special map, called the gnomonic 
(no-mon'ik), is made in such a way 
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that all great circles appear as straight 
lines . Such maps are called Great 
Circle Charts and may be purchased 
from the United States Hydrographic 
Office, Washington, D. G. 

Aeronautical maps of the United 
States, or parts thereof, are printed 
on the Lambert projection. A projec¬ 
tion is a method of drawing parallels 
and meridians. On the Lambert map, 
meridians are straight lines converg¬ 
ing toward the north. Parallels are 
arcs of concentric circles, equally 
spaced. Concentric circles have a com¬ 
mon center. The Lambert projection 
was chosen mainly because a straight 
line, drawn from one city to another, 
closely approximates a great circle 
(Fig. 16). Aeronautical maps may be 
purchased at any large airport, or 
from the United States Coast and 
Geodetic Survey, Washington, D. C. 

The polar projection of the North¬ 
ern Hemisphere is a circular map 



Fig. 15. On a Mercator map, a rhumb line is 
a straight line. The shorter distance between 
points A and B, however, is the great circle. 


with the North Pole in the center. 
Parallels are complete circles, cen¬ 
tered at the pole. Meridians are 
straight lines extending outward from 
the pole, like the spokes of a wheel. 
Such a map is valuable in showing 
airline routes completely around the 


world. It is confusing because of the 
difficulty in determining directions. 

Longitude and time. The earth ro¬ 
tates eastward through its entire cir¬ 
cumference of 360° of longitude in 
21 hours, therefore, through 15° in 1 



true course is obtained by drawing a line on 
a Lambert projection from one city to another. 
With a protractor, the course angle is measured 
clockwise from a mid-meridian to the flight path. 
Courses that are exactly opposite, such as 65° 
and 245°, are called reciprocal courses. (Cour¬ 
tesy G. Sydney Stanton and the Civil Aeronau¬ 
tics Administration.) 

hour. When noon arrives at any 
meridian, it is already 1 hour later 
(1 p.m.) on the meridian 15° east of 
t hat one, and it lacks 1 hour of noon 
(11 a.m.) on the meridian 15° to the 
west. When the sun is directly over 
a given meridian, it is noon at all 
points on that meridian from North 
Pole to South Pole. Four minutes 
later it is noon on the meridian 1° 
farther west. 

In a generation past, each town 
kept the time of its own meridian 
which was called apparent solar time 
or, in common American parlance, 
sun time . When rail transportation 
permitted rapid travel, it became 
awkward or impossible to change 
one’s time a few minutes with every 
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village passed. To avoid so many time 
changes, each railroad adopted an 
arbitrary time scheme, which differed 
from that of most of the places it 
passed through but was the same for 



Fig. 17. Standard times. (From "Elements of 
Geographyby V. C. Finch and G. 7. Tre- 
wartha. McGraw-Hill Book Co.) 


considerable distances on the rail 
line. Unfortunately, several railroads 
in a region often adopted different 
times for their own use. Conse¬ 
quently, it sometimes happened that 
a town reached by different railways 
found itself required to use, or to 
distinguish between, several different 
kinds of time: its own solar time and 
one for each of its railways. 

The awkwardness and confusion of 
this situation led to the adoption by 
American railways, in 1883, of a sys¬ 
tem of standard time. This system, in 
theory, supposes that all parts of a 
north-south zone 15° of longitude in 
width adopt the solar time of the 
central meridian of that zone. Places 
within the zone that are east or west 
of the central meridian, instead of 
differing in time by a few minutes 
from it and from one another, all 
have the same time. Changes of time 


are then necessary only in crossing 
the boundary of the zone, and each 
change is exactly 1 hour. The time¬ 
piece is set forward (as from 12 to 1) 
in traveling east and is set back (as 
from 12 to 11) in traveling west. In 
practice, these zones are not bounded 
by meridians but by irregular lines, 
the location of which is dictated by 
railway convenience and political 
consideration. Figure 17 shows the 
present standard time zones of the 
United States. 

On the whole earth there should 
be 24 standard time zones, each ex¬ 
tending from pole to pole and each 
differing from Greenwich time by a 
definite number of hours. In practice, 
the arrangement is not quite so sim¬ 
ple. Although most countries follow 7 
the plan, certain isolated countries 
employ standard meridians that are 
not multiples of 15 and, therefore, do 


D C B A 

Fig. 18. The solid lines represent true north as 
indicated by meridians. The dotted lines show 
magnetic north as indicated by a magnetic 
compass. The magnetic variation at A (in New 
York) is 10°W; at D (in Washington), 20°E; at 
C (in Kansas), 10°E; and at 6 (western Michi¬ 
gan), zero. At B, on the agonic line, the com¬ 
pass points both true north and magnetic north. 

not differ from Greenwich time by 
exact hours. For example, Nether¬ 
lands time is 19 minutes faster, and 
Bolivian time is 4 hours and 33 min¬ 
utes (instead of 5 hours) slower than 
Greenwich time. 
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Fig. 19. Lines of equal magnetic variation, or declination (isogonic lines), in the United States. 
Only at points on the agonic line (0° declination) does the magnetic compass point true north. 
(Generalized from a map by U. S. Coast and Geodetic Survey.) 


Direction. Places may he loc ated in needle points true geographical north, 
terms of direction, such as N, 0°; The agonic line connects those 
NNE, 22%°; NE, 45°; ENE, (i7%°; places where the magnetic compass 
and E, 90°. points true north as well as magnetic 

A watch provides a simple means north. In the United States this line 
for telling directions. Point its hour follows a very irregular course from 
hand toward the sun. Halfway be- Michigan to South Carolina (Figs. 18, 
tween the hour hand and 12 will be 19, 20). East of the agonic line, as in 
south. Ignore the minute hand. New York, the magnetic compass 

Much direction-finding, especially points a few degrees west of true 
in land surveys, still is accomplished north. West of the agonic line, as in 
by means of the magnetic compass. Colorado, magnetic north (indicated 
The needle of this instrument alines by the compass) is east of true north 
itself with the magnetic lines of force (indicated by a meridian). Magnetic 
that surround the earth. The mag- variation, or declination, is the angle 
netic north and south poles of the between true north and magnetic 
earth happen not to be located at the north (Fig. 18). 

geographical poles, are not exactly An isogonic line connects places of 
opposite each other, and even are equal magnetic variation. In flying 
subject to slight changes of position, across country an airplane pilot must 
In consequence, there are few places be familiar with changes in magnetic- 
on the earth where the magnetic variation and know how to calculate 
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true directions from compass read¬ 
ings (Fig. 21). True north is indic ated 
by the shadow of a vertical rod at 
noon, sun time; or by the North Star 
at night. 

Recent improvements in the radio 
compass and directional radio-beam 
navigation make pilots and naviga¬ 
tors less dependent on the magnetic 
compass than in past years. A good 
navigator, however, seldom relies en¬ 
tirely on one system of navigation. 

SUMMARY 

In this chapter we have considered 
a few facts concerning the earth in 
space. The size, shape, and motions 
of the earth greatly influence our 
daily lives. The system of longitude 
and latitude helps us in locating 
places and provides a method of 
measuring distances on the earth, 
longitude is useful in establishing 
time belts. The earth’s magnetism is 
useful in the navigation of aircraft 
and ocean liners. 

We have learned the meaning of 


the lithosphere, the hydrosphere, and 
the atmosphere. The next few chap- 

Vtt* TN 

\y*°J 


0 



Fig. 21. The magnetic variation at Boston, 
Massachusetts, is 15°W. The heading of an 
airplane from the starting point O is west, or 
270°. Because of the variation, the compass 
will read 285° instead of 270°. TN is true north 
(a meridian). MN is magnetic north as shown 
by a magnetic compass. The angle measured 
clockwise from true north to the heading of 
the plane (270°) is called the true course ; from 
magnetic north to the heading of the plane is 
the magnetic course. What would the magnetic 
course be if the starting point was in southern 
California where variation is 15°E? 

icrs deal with the atmosphere and 
include mainly a study of weather 
and climate. 


QUESTIONS 

1. Name the members of the solar system. 

2. What is a planet? a satellite? 

3. In what order do the planets range from the sun? 

4. How do planets differ from stars? 

5. About how long does it take the moon to revolve once about the 
earth? What causes an eclipse of the sun? of the moon? 

6. What is the shape of the earth? 

7. What is the greatest ocean depth? the height of the highest mountain? 

8. The average depth of the oceans is 2% mi. How much would this 
be on a globe 4 ft in diameter and having surface features molded to scale? 

9. What is the polar diameter of the earth in miles? the equatorial diam- 
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eter? What is the difference between these two diameters? How does the 
earth’s diameter compare with that of Jupiter? 

10. What are some effects of the force of gravity? What is a vertical line? 

11. What is one method of establishing a true north-south line? 

12. What is the lithosphere? the hydrosphere? the atmosphere? 

13. What percentage of the earth’s surface is water? what percentage land? 

14. Why is muc h of the land surface sparsely populated? 

15. What are the two principal motions of the earth? 

16. What is the earth’s axis? Define the circ le of illumination. 

17. What are some results of rotation of the earth on its axis? 

18. What is the average distance from earth to sun? 

19. llow many days does it take the earth to make one revolution around 
the sun? 

20. What is the earth’s orbit? What is the shape of the earth’s orbit? What 
holds the earth in its orbit? 

21. What is a meteor? 

22. How much is the earth’s axis inclined? 

23. What are three results of the combined effects of inclination, paral 
lelism, rotation, and revolution? 

21. What is the earth grid? What is the equator? 

25. Name three characteristics of a great circle. 

26. Why do airplanes and steamships follow great circle routes? 

27. What is a parallel? latitude? What is the latitude of the equator? of 
the poles? Why are parallels called small circlesf 

28. Why is the small circle distance between two points greater than the 
great circle distance? 

29. What is the length of 1° of latitude in miles? What is the latitude of 
New Orleans? How many miles is it from the equator? 

30. What is sun altitude? With what instrument is it measured? 

31. In what two ways may latitude be calculated? 

32. What is the Tropic of Cancer? the Tropic of Capricorn? the Arctic 
Circle? the Antarctic Circle? 

33. What is the summer solstice? the winter solstice? the vernal equinox? 
the autumnal equinox? 

34. What is a meridian? the prime meridian? longitude? 

35. What point has zero latitude and zero longitude? 

36. Where is the international date line? What is the function of this line? 

37. When it is noon 60°E, at what longitude is it midnight? 

38. What is the length in miles of 1° of longitude on the ecpiator? on the 
30th parallel? on the 80th parallel? 

39. By what method is longitude determined? 

40. How is the exact location of a point on the earth’s surface expressed? 
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41. What are the longitude and latitude of New York, London, Peiping, 
Cape Town, Buenos Aires, Melbourne, Honolulu, and Manila? (Use maps.) 

42. Two opposite meridians make a great circle. Point A is located 177°E, 
21 °N. Point B is 177°E, 53°N. What is the great circle distance between 
them in nautical miles? in statute miles? 

43. Make a statement regarding the value of each of these maps: (a) 
Mercator, (b) gnomonic, (r) Lambert, (<7) polar. 

44. Define a rhumb line. 

4b. How many degrees of longitude equal 1 hr of time? 

4f>. Why was the system of standard time adopted? 

47. What are the standard time belts of the United States? When it is 
11 i\m. in Denver, what is the time in Los Angeles? in New York? in Chi- 
cago? 

48. The prime meridian, 0°, determines the standard time of London 
and Paris. When it is noon in St. Louis, Missouri, what time is it in London? 

49. How can directions be determined by using a watch? 

50. Where, by longitude and latitude, are the earth’s magnetic poles? 

51. What is the agonic line? the isogonic line? What is magnetic variation? 

52. What is the magnetic variation in your locality? (Magnetic variation 
is usually shown on topographic maps and always on airway maps.) What 
is the variation at Pittsburgh? at Muskegon, Michigan? at St. Louis? at 
San Francisco? 

53. Make a diagram similar to Fig. 21 to show that, if the true course is 
0°N and variation 10°E, the magnetic course is 350°. 

54. If the true course is 350° and variation 25°W, show that the magnetic 
course is 15°. 

55. In what two ways can true north be determined? 

SUGGESTED ACTIVITIES 

1. Construct a homemade sextant. Keep a daily record of the sun alti¬ 
tude at noon for several months. At the time of equinox, the sun altitude 
subtracted from 90° will give your latitude. 

2. On a clear night, locate the North Star by means of the Big Dipper. 
The direction of the North Star is true north. 

3. Erect a vertical rod, or plumb line, and mark the positions of its 
shadow at various hours of the day. 

4. Practice pointing in the direction of large c ities. This will improve 
your sense of direction. 

5. Observe and record the direction of sunrise and sunset on the twenty- 
first of June, September, December, and March. Record the sun altitude at 
noon on these dates and the number of hours of sunlight. Suppose you 
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lived on the Strait of Magellan. How would these observations differ from 
those made in your own locality? 

6. Some people are lost when they enter strange cities. To avoid this, 
practice reading the maps of cities that you expect to visit. Maps of cities 
are found in connection with automobile highways maps. Place your map 
so that north on the map is really in the direction of north. 

7. Make a list of 25 large cities scattered over the various continents. 
By using maps, determine as closely as possible the longitude and latitude 
of each. 

8. If possible, visit an airport. Observe the magnetic compass, radio 
compass, and directional radio-beam apparatus. 

9. Find out the magnetic variation in your local community. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 

1. The Solar System 

2. Proofs That the F.arth Is Spherical in Shape 

3. The Royal Astronomical Observatory at Greenwich 

4. The Locations of Great Circle Routes between Important Cities 

5. Standard Time Belts of Europe 

6. The International Date Line 

7. The Earth as a Huge Magnet 

8. Magnetic Variation in Different Parts of North America 
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CHAPTER 2. 


Temperature of the 
Atmosphere 


Man lives on the solid portion of the 
earth’s surface but in, and at the bot¬ 
tom of, a sea of air that is many times 
deeper than any ocean. This sea of 
air, or the atmosphere, has certain 
characteristics that greatly influence 
man’s life. 

Of the various elements of natural 
environment that affect the useful¬ 
ness of the earth’s regions for human 
beings, such as climate, landlorms, 
minerals, soils, and native vegetation, 
climate probably is the most impor¬ 
tant single item. This is because cli¬ 
mate affects a region’s usefulness, not 
only directly, but also indirectly 
through its influence upon native veg¬ 
etation, soils, and landforms. Thus, 
large areas with similar climates are 
likely to have strong resemblances 
also in vegetation and soils. 

Pure, dry air near sea level is a 
mixture of several gases. Two of 
them, nitrogen (78 percent) and oxy¬ 
gen (nearly 21 percent), together 
comprise 99 percent of the total by 
volume (Fig. 22). At higher eleva¬ 
tions, certain lighter gases, especially 
hydrogen, predominate. In the at¬ 
mosphere are also smaller amounts 


of carbon dioxide, argon, ozone, and 
others. In addition to these gases, the 
lower layers of air contain variable 
amounts of water vapor (up to nearly 



Fig. 22. The atmosphere is composed mainly of 
nitrogen and oxygen. Both are colorless, odor¬ 
less gases. 

5 percent on hot, humid days) and 
numerous impurities classed as dust. 

As far as climate and weather are 
concerned, certain of the minor gases 
of the air are far more important 
than nitrogen and oxygen. Subtract 
the single item water vapor from the 
air, and rainfall would cease. This 
invisible vapor condenses to form 
clouds, fog, dew, frost, rain, snow, 
sleet, and hail. Water vapor acts as 




22 


THE EARTH AND ITS RESOURCES 


a sort of blanket in helping to regu¬ 
late the temperature of the air, be¬ 
cause it readily permits sun energy to 
reach the earth but tends to retard 
the radiation of heat from the earth. 

Certain kinds of dust particles 
serve as nucleuses upon which water 
vapor condenses to form raindrops. 
Dust in the air is largely responsible 
for the colors of sunrise and sunset, 
the blue of the sky, and the colors of 
twilight and dawn. Abundant smoke 
and dust over large cities act as a 
screen to incoming sunlight and 
greatly hinder visibility. A combina¬ 
tion of smoke and fog is known as 
smog and at times, especially near 
cities, is a severe hindrance to avia¬ 
tion. 

Elements of weather and climate. 

The principal elements of the atmos¬ 
phere that largely determine the 
weather or climate at any given time 
or place are temperature and pre¬ 
cipitation (including humidity and 
clouds). In addition to these are such 
elements as atmospheric pressure, 
winds, storms, and visibility. Weather 
is the sum total of these elements for 
a short period of time. Two friends 
meet on the street and speak of the 
weather for today or of last week. 
Climate is the generalization of the 
great variety of weather conditions 
over a long period of time. 

Controls of weather and climate. 
Variations in weather and climate are 
due to climatic controls, namely: (1) 
latitude, which largely determines (a) 
the angle of the sun’s rays and, thus, 
their effectiveness and (b) the dura¬ 


tion of sunlight; (2) distribution of 
land and water; (3) winds; (1) eleva¬ 
tion; (5) mountain barriers; (6) the 
great semipermanent high- and low- 
pressure centers; (7) ocean currents; 
and (8) storms of various kinds. 
These controls, acting with various 
intensities and in different combina¬ 
tions, produce changes in tempera¬ 
ture, which in turn give rise to varie¬ 
ties of weather and climate. 

TEMPERATURE 

Measuring air temperature. Meteor¬ 
ologists in most of the countries of 
the world use the centigrade scale in 
determining air temperature. In a 
few countries, notably England and 
the United States, the Fahrenheit 
scale is used along with the centi¬ 
grade. A comparison of the two scales 
is shown in the following table. 



C 

F 

Boiling point of fresh water 

100° 

212° 

Average room temperature 

20° 

68° 

Freezing point of fresh water 

0° 

32° 


Thermometers operate on the prin¬ 
ciple that a liquid expands when 
heated, and contracts when cooled. 
The liquid used may be mercury or 
grain alcohol. Mercury is a heavy 
black liquid, having a freezing point 
of — 40°C. Alcohol is a colorless liq¬ 
uid, with a freezing point of about 
— 130°C. When used in a thermome¬ 
ter, alcohol generally is artificially 
colored red or blue. 
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To change Fahrenheit to centi¬ 
grade, this formula may Ire used: 

C = { (F - 32) 

To change centigrade to Fahren¬ 
heit: 



In the table, the boiling points of 
100°C and 212°F are for sea level. As 
elevation above sea level increases, 
the air pressure decreases, and so does 
the boiling point of water. For exam¬ 
ple, on top of Pikes Peak, Colorado, 
elevation 14,110 feet, water boils at 
85°C. What would this be on the 
Fahrenheit scale? 



The lowest temperature ever re¬ 
corded in the United States was 
—G6°F, in February, 1933, in Yellow¬ 
stone Park. What is this temperature 
centigrade? 

c = { (F - 32 ) 

= { ( — 66 — 32) 

= {(-98) 

= —54° 

An instrument that records tem¬ 
perature on graph paper is called a 


thermograph (Fig. 23). Some thermo¬ 
graphs make use of the expansion and 
contraction of a bimetal strip; others 
use a thin, curved, metallic tube 
filled with a liquid (Bourdon tube). 

Sources of atmospheric heat. The 
sun is the most important source of 



Fig. 23. The thermograph records temperature 
on graph paper. Clockworks inside the cylinder 
cause the cylinder to rotate once a week. 
(Courtesy Friez Instrument Division, Bendix 
Aviation Corp .) 

heat for the earth’s atmosphere. From 
this gigantic body, whose diameter is 
more than 100 times that of the earth 
and whose surface temperature is esti¬ 
mated to be more than 10,000°F, a 
tremendous amount of energy streams 
out into space. The earth, nearly 93 
million miles distant, intercepts only 
a tiny part of this solar output. 

T he radiant energy received from 
the sun, transmitted in the form of 
short waves and traveling at the rate 
of 186,000 miles per second, is called 
solar radiation , or insolation . Most of 
the physical and all the biological 
phenomena of the earth owe their 
existence to the small amount of in¬ 
solation received at the earth’s sur¬ 
face. The distribution of insolation 
over the earth’s surface is of outstand- 
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ing significance in understanding 
weather and climate. Certainly the 
sun, or insolation, is the greatest sin¬ 
gle control of climate. 

Effectiveness of insolation. The 

amount of insolation received at any 



Fig. 24. Rays that are slanting (A) as they 
reach the earth deliver less energy at the earth's 
surface than vertical rays (8), for two reasons: 
They must pass through a thicker layer of at¬ 
mosphere and they spread their energy over a 
wider area. 

given place depends mainly upon (1) 
the length of day (number of hours 
of sunlight) and (2) sun altitude, or 
the angle at which the sun’s rays 
strike the earth. For two reasons 
oblique solar rays deliver less energy 
to the earth’s surface than direct 
rays: (1) Oblique rays are spread 
over a larger area than are direct 
rays; (2) oblique rays pass through 
much more air than direct rays, and 
the air tends to absorb, scatter, and 
reflect some of the solar energy (Fig. 
24). Winter sunlight, therefore, is 
much weaker than that of summer. 
At Kansas City, Missouri, S9°N lat., 
for example, the noon sun altitude 
around December 21 is about 28°; 
in the latter part of June it is about 


74°. Added to this great difference 
in the angle of the sun’s rays is the 
lact that there are many more hours 
of sunlight in June than in Decem¬ 
ber. 

1 he earth is some 3 million miles 
closer to the sun in January than in 
July. A cold season in the Northern 
Hemisphere at the time when the 
earth is nearest the sun and a warm 
season when it is farthest from the 
sun tend to emphasize the fact that 
this item of distance is minor com¬ 
pared with length of day and the 
angle of the sun’s rays. In general, 
it is well to remember that the higher 
the sun altitude and the longer the 
days, the higher the temperature; 
and the lower the sun altitude and 
the shorter the days, the lower the 
temperature. 

LENGTH OF THE LONGEST DAY (ALSO OF 
THE LONGEST NIGHT IN THE OPPOSITE 
HEMISPHERE) AT CERTAIN LATITUDES 


Latitude 

Duration (hr) 

Equator 

12 

17° 

13 

41° 

15 

49° j 

16 

63° 

20 

66 *'2° 

24 

67°2I / 

1 mo 

69°5l / 

2 mo 

78°11' 

4 mo 

8 

o 

6 mo 


Much sun energy that reaches the 
earth’s outer atmosphere is prevented 
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from heating the earth s surface. A 
considerable percentage is lost by re¬ 
flection from clouds, small dust par¬ 
ticles, molecules of air, and the 
earth’s surface. Some 10 to 15 per¬ 
cent is absorbed directly by the at¬ 
mosphere. About 50 percent reaches 
the earth’s surface, heats it, and even¬ 
tually heats the atmosphere as well. 

Seasons. An explanation of the 
change of seasons as regards temper¬ 
ature is given in Appendix A and 
should be studied carefully at this 
point. The inclination and parallel¬ 
ism of the earth’s axis are responsible 
for the day-to-day change in sun alti¬ 
tude and length of day, which result 
in the change of seasons. 

One should constantly bear in 
mind that the time of seasons in the 
north and south intermediate /ones 
is reversed. When it is summer in 
the United States, it is winter in 
Argentina. The change of seasons in 
the intermediate zones is much more 
pronounced in the interiors of large 
continents than along windward 
coasts where ocean influence is felt. 

HEATING AND COOLING OF LAND 
AND WATER SURFACES 

Sun energy is of such a nature that 
only relatively small amounts (10 to 
15 percent) of it can be absorbed by 
the earth’s atmosphere. In order to 
be absorbed by the air, it must first 
be converted into heat energy. This 
conversion takes place principally at 
the earth’s surface. Thus, the atmos¬ 
phere receives most of its heat di¬ 
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rectly from the earth’s surface and 
only indirectly from the sun. 

Land and water contrasts. For the 

following reasons land surfaces heat 
and cool more rapidly than water 
surfaces: 

1) Much more heat is required to 
raise the temperature of 1 cubic: foot 
of water 1° than is required for 1 
cubic foot of soil or rock. 1 

2) The sun’s rays penetrate to con¬ 
siderable depths in water and are 
thus required to heat a greater mass 
than is the case with land. Since land 
is opaque, only the surface layers of 
soil and rock are heated to any ex¬ 
tent. 

5) Water, being a fluid, has move¬ 
ments in the form of waves, drifts, 
currents, and tides that tend to dis¬ 
tribute the absorbed solar energy 
throughout the whole mass. Obvi¬ 
ously, no such distribution and mix¬ 
ing can take place in landmasses, and 
the land surface, therefore, attains a 
higher temperature. Moreover, when 
a water surface begins to cool, con- 
vectional currents are set up, the 
cooler, heavier surface layers sinking 
and being replaced by warmer waters 
from underneath. Therefore, water 
bodies cool much more slowly than 
do land bodies and tend to act as 
regulators of air temperature. 

From the foregoing comparisons it 
becomes evident that, with the same 
amount of solar energy falling upon 
each, a land surface will reach a 

1 Specific heat is the term applied to the 
amount of heat (calories) required to raise 
the temperature of 1 gram of a substance 
1°C. 
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higher temperature, and reach it 
more quickly, than a water surface. 
Conversely, a land surface also cools 
more rapidly. Land-controlled, or 
continental, climates, therefore, 
should be characterized by large 
daily and seasonal extremes of tem¬ 
perature; on the other hand, ocean- 
controlled, or marine , climates 
should be more moderate. 

HOW THE ATMOSPHERE IS WARMED 

We are now acquainted, as a result 
of our earlier discussion, with the 
distribution of solar energy over tfie 
earth and the contrasting reactions 
of land and water surfaces to this 
solar energy. We are also aware that 
the air receives most of its heat di¬ 
rectly from the surface upon which 
it rests and only indirectly from the 
sun. This is sufficient background 
for an analysis of the processes in¬ 
volved in heating and cooling the 
atmosphere. 

Absorption of sun energy. As previ¬ 
ously stated, the atmosphere absorbs 
directly only about 10 to 15 percent 
of the solar energy that comes to it. 
Such absorption takes place mainly 
in the upper layers of the air. This 
process, therefore, is not very effec¬ 
tive in heating the layers of air close 
to the earth. Often on a clear winter 
day, when snow covers the ground, 
air temperatures may remain bitterly 
cold in spite of a bright sun. At the 
same time, on the south side of a 
brick building, the temperature may 
be much more comfortable. This is 
because the brick wall absorbs sun 


energy and converts it into a form of 
heat energy that is effective in warm¬ 
ing the surrounding air. 

Conduction from the warm earth. 

Conduction is transfer of heat (1) 
through a substance, such as a metal 
rod, and (2) from a warm substance 
to a cooler one, provided they are in 
contact. During daylight hours, the 
solid earth (without a snow cover) 
absorbs much solar energy and be¬ 
comes warmer than the surrounding 
atmosphere. By conduction, there¬ 
fore, the layer of air resting upon 
the warmer earth becomes heated. 

Air, however, is a poor conductor. 
As a result, the transfer of heat from 
the lower, warmed layers of air to 
those above is very slow. It is a well- 
known fact that, ordinarily, as one 
goes up in the air, the temperature 
drops. 

Air absorbs heat from the earth. 

Since the earth absorbs solar energy, 
it becomes warm and therefore radi¬ 
ates heat, just as the sun does. This 
heat radiated from the earth is read¬ 
ily absorbed by the air. It is esti¬ 
mated that, although only 10 to 15 
percent of the solar energy is ab¬ 
sorbed by the atmosphere, some 90 
percent of the radiated earth energy 
is absorbed. 

As stated before, water vapor and, 
to a lesser extent, carbon dioxide 
and ozone are the principal absorb¬ 
ing gases. One reason for the rapid 
night cooling in deserts is that the 
dry air and clear sky permit a more 
rapid escape of the heat that is radi¬ 
ated from the earth. One may think 
of the atmosphere as being somewhat 
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like a pane of glass which lets 
through most of the incoming solar 
energy but greatly retards the out¬ 
going heat, or earth radiation. This 
is the so-called “greenhouse effect” 
of the atmosphere. 

Through the first three heating 
processes described in the foregoing 
paragraphs, there is actually an addi¬ 
tion of energy to the atmosphere. 
Through the three processes whose 
description follows, there is no addi¬ 
tion of energy but only a transfer 
from one place to another, or from 
one air mass to another, of that 
which already has been acquired. 

Convectional currents from the warm 
earth. The surface air after being 
heated by conduction and radiation 
expands in volume and consequently 
decreases in density .- Because of ex¬ 
pansion, a portion of the warmer, 
lighter column of air overflows aloft, 
thereby decreasing its own pressure 
at the surface and at the same time 
increasing that of the adjacent cooler 
air. This causes a lifting of the 
warmer, lighter air column by the 
heavier, cooler, settling air which 
flows in at the surface to displace it. 
Such a circulation, as just described 
and illustrated in Fig. 25, is called 
a convectional system . Warm surface 
air, expanded and therefore less 
dense, is like a cork that is held 
under water; that is, it is unstable 
and inclined to rise. 

This convectional principle (which 
applies to liquids and gases only) is 
employed in the ordinary hot-air and 
hot-water heating systems. On a hot 
summer day “bumpy” air is experi¬ 


enced when an airplane alternately 
crosses rising and sinking air cur¬ 
rents. Such air is called turbulent 
air . 

Conduction and radiation are es¬ 
pecially effective in heating the lower 
layers of atmosphere, but convec¬ 
tion, on the other hand, is capable 



Fig. 25. Convection currents in a hot-air heating 
system. 


of carrying heat to the upper air 
strata as well. 

Importation by air masses or winds. 

“It will be warmer today because 
there is a south wind.” Such a re¬ 
mark is common in many parts of 
North America and Europe. The 
south wind may be an air mass of 
tropical origin that is advancing 
north'ward. In so doing, it conveys 
the temperature conditions acquired 
in its source region where high tem¬ 
peratures are normal. Such an im¬ 
portation of southerly warmth in 
winter results in mild weather, with 
melting snow and sloppy streets. In 
summer several days of south wind 
may result in a “hot wave” with 
maximum temperatures of 90° to 
100° or above. 

2 Density means mass per unit volume. 
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Heating by compression. A mass of 
air generally becomes warmer as it 
descends from higher to lower alti¬ 
tudes; for example, when it moves 
down a mountain slope. At lower 
altitudes, a thicker layer of air is 
pressing down upon the descending 
air mass, which gradually is being 
compressed in volume. Work is be¬ 
ing done upon the descending air, 
and as a result of compression its 
temperature is increased. 

HOW THE ATMOSPHERE IS COOLED 

Radiation to the cooler ground and 
to space. During the night the earths 
surface may radiate heat so rapidly 
that it becomes cooler than the air 
above it. When this condition pre¬ 
vails, the lower layers of atmosphere 
lose heat by radiation to the colder 
ground as well as upward to space. 
This process is particularly effective 
during the long nights of winter 
when, if the skies are clear and the 
air is dry and calm, very rapid and 
long-continued radiation takes place. 
If snow covers the ground, cooling 
is even more pronounced. This 
causes a greater decrease in the tem¬ 
perature of the lower layers of air. 

Water, like land, is a good radia¬ 
tor, but the cooled surface waters 
keep constantly sinking to be re¬ 
placed by warmer currents from be¬ 
low. Extremely low air temperatures 
over large water bodies are impos¬ 
sible, therefore, until they are frozen 
over, after which they act like a 
snow-covered land surface. 

Humid air or a cloudy sky tends 


to prevent rapid earth radiation, so 
that air temperatures remain higher. 
Thus frosts are less likely to occur 
on humid nights and especially when 
a cloud cover prevails. There are 
authentic cases in the dry air and 
under the cloudless skies of the Sa¬ 
hara in northern Africa, where day 
temperatures of 90° have been fol¬ 
lowed by night temperatures slightly 
below freezing. 

Conduction to the cold earth. As 

previously stated, conduction is the 
transfer of heat between two sub¬ 
stances that are in contact. As the 
earth’s surface cools during the 
night, conduction of heat from air 
to earth causes a lowering of air 
temperature. Sometimes on a calm, 
clear winter night, the layers of air 
close to the earth actually become 
colder than those at some distance 
above the earth’s surface. 

Importation by air masses or winds. 
Just as warm air masses carry warmth 
northward (south wind in the North¬ 
ern Hemisphere), so do cold air 
masses convey low temperatures from 
one place to another. Especially in 
North America and Eurasia, cold 
polar air masses from the far north 
may move southward for consid¬ 
erable distances. Such movement 
(north wind) and resulting importa¬ 
tion of low temperatures are particu¬ 
larly effective where there are no 
mountain barriers to block the pas¬ 
sage of air. In eastern North Amer¬ 
ica where lowlands prevail, great 
masses of cold polar air periodically 
pour down over the Mississippi 
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Valley, occasionally carrying severe 
frosts even to the Gulf states. 

Cooling by expansion. Just as de¬ 
scending air heats as a result of com¬ 
pression, so rising air cools as a result 
of expansion. A cubic loot of air at 
low altitudes is subject to greater 
atmospheric pressure than at high 
altitudes. As this cubic foot of air 
rises, it expands, because the weight 
of the atmosphere upon it becomes 
less. Work is done in pushing aside 
other air in order to make room for 
itself. This work done by the rising 
and expanding air consumes energy, 
which is subtracted from the ascend¬ 
ing currents in the form of heat, re¬ 
sulting in a lowering of their temper¬ 
ature. 

Adiabatic lapse rate. On the aver¬ 
age, rising air cools at the rate of 
5%°F per 1000 feet, so long as no 
condensation of water vapor takes 
place. This 5%°F per 1000 feet is 
called the dry adiabatic (ad'i-a-bat'- 
lk) lapse rate . An adiabatic change in 
temperature is one that takes place 
without heat actually being added to 
or subtracted from the parcel of air. 
When a bicycle tire is pumped up, 
the pump becomes warm, because of 
the increased air pressure, and not 
because of any heat being applied. 
In the case of rising air, the tempera¬ 
ture of the air decreases, because 
pressure decreases. Likewise, when 
air descends, its temperature in¬ 
creases 5%°F per 1000 feet. 

Suppose that air at 15°F is pour¬ 
ing through a mountain pass at 
11,000 feet and descending to a 
nearby plain, elevation 5000 feet. 


What will its temperature be on the 
plain? 

11,000 - 5000 - 6000 
6X5^ = 33° 

15° + 33° = 48° 

This example of warming of de¬ 
scending air is typical of the eastern 
slopes of the Rocky Mountains and 
the Sierra Nevada. 

DAILY AND SEASONAL MARCH 
OF TEMPERATURE 

All average temperatures for a 
month, season, year, or even a long 
period of years are built upon the 
mean (average) daily temperature as 
the basic unit. The daily mean is 
thus the individual brick out of 
which the general temperature struc¬ 
ture is composed. The United States 
Weather Bureau at present uses the 
following formula to determine the 
mean daily temperature: 

Maximum + minimum 

2 

In other words, the daily mean is 
the average of the highest and the 
lowest temperatures recorded during 
the 24-hour period. 

Daily temperatures. The daily 
march of temperature refers to the 
hourly changes in the thermometer 
readings during the day (24 hours). 
From about sunrise until 2 to 4 p.m., 
when heat is being supplied by in¬ 
coming solar radiation faster than it 
is being lost by earth radiation, the 
temperature curve usually continues 
to rise. Conversely, from about 3 p.m. 
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to sunrise, when loss of heat by earth 
radiation exceeds receipts of solar 
energy, the daily temperature curve 
usually falls. 

It is noticeable, however, that the 
time of highest temperatures (2 to 
4 p.m.) does not exactly coincide with 



Fig. 26. Temperature sometimes varies many 
degrees in a single day. In the chart above, A 
shows the temperature range for a fair day in 
summer; B, for a summer day in the mountains. 
Contrast these with C, a cloudy day in spring 
or fall, and D, a winter day on which the wind 
changed from south to northwest. 

that of maximum insolation (12 m. 
sun time). This is because incoming 
solar radiation continues to exceed 
outgoing earth radiation until mid¬ 
afternoon. The lowest temperatures 
of the night usually occur about 4 to 
6 a.m., because the earth continues 
to radiate more heat than it receives 
until near sunup. 

The daily range of temperature is 
the difference between the highest 
and lowest temperatures of the day. 
In clear weather, throughout most of 
central and eastern United States, 
this range is about 10° or 15°. In 
mountains it is much greater, be¬ 
cause the less dense atmosphere at 
high elevations permits more rapid 
radiation of heat from the earth at 
night, and consequently lower tem¬ 


peratures result. Daily range is usu¬ 
ally greater in deserts than in humid 
lands, because the low percentage ol 
water vapor in the air over deserts 
and the general absence of a cloud 
cover permit rapid radiation of heat 
from the earth at night. 

During a spell of cloudy weather 
the daily range may be as little as 5° 
or less. A cloud cover regulates air 
temperature, because clouds serve to 
obstruct incoming and outgoing ra¬ 
diation. However, in clear or cloudy 
weather, the daily march of tempera¬ 
ture may be entirely upset by a shift 
in wind direction. Thus a strong 
northwest wind may cause a steady 
drop in temperature during the day 
so that midafternoon may be colder 
than early morning (Fig. 2(>). 

Seasonal range of temperature. 
Using the mean daily temperatures, 
the average, or mean, temperature 
of a month may be calculated. This 
in turn may be used to compute the 
mean annual temperature. 

Mean monthly temperatures make 
it possible to obtain some idea of 
seasonal changes in temperature in 
different parts of the world. It is well 
to remember, however, that in some 
localities the mean monthly tem¬ 
perature may cover a considerable 
range. For example, although the 
mean January temperature at Kansas 
City, Missouri, is 28°, the tempera¬ 
ture may actually range from 10° 
below zero to 45° above during the 
month. Such extreme changes, how¬ 
ever, do not occur on windward 
coasts (where wind generally blows 
from sea to land). 
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Fig. 27. Lowest temperatures (Fahrenheit) recorded in the United States. The official lowest was 
— 66°F / in Yellowstone Park, February, 1933. In contrast, the highest winter temperature was 
104°F, in Starr County, Texas, 1902. Florida is the warmest state. North Dakota and Montana 
are the coldest. (Courtesy U. S. Weather Bureau .) 


In the middle latitudes of the 
Northern Hemisphere, July is usu¬ 
ally the warmest month, and Janu¬ 
ary the ( oldest (Fig. 27). Conditions 
are reversed in similar latitudes of 
the Southern Hemisphere (Fig. 28). 

VERTICAL DISTRIBUTION 
OF TEMPERATURE 

By means of airplanes and bal¬ 
loons, men have soared to consider¬ 
able heights in the atmosphere. They 
have recorded temperature readings 
during such flights. Self-recording in¬ 
struments, carried aloft by smaller 
balloons, have reached greater 
heights. 

All observations and recordings 
show that under normal conditions 


there is a decrease in temperature 
as altitude increases. The amount of 
decrease, of course, varies somewhat 
from place to place and at different 
times of the year. On the average, 
however, the decrease in tempera¬ 
ture as altitude increases , called the 
normal lapse rate, is about 3 : J4 0 F per 
1000 feet. This is the drop in tem¬ 
perature indicated by a thermometer 
that is carried upiuard through the 
air . It does not pertain to tempera¬ 
ture changes that result when the air 
itself rises. The fact that air tempera¬ 
ture decreases as distance from the 
earth increases emphasizes the fact 
that the atmosphere receives most of 
its heat directly from the earth and 
only indirectly from the sun. 

Suppose, on a November day 
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when the atmosphere is quiet and 
little convection is taking place, that 
surface temperature of the air at a 
city having an elevation of 1000 feet 



Fig. 28. The seasonal range of temperature. 
Note that the coolest month at Sydney, Aus¬ 
tralia, is July. 


is 40°F. Calculate the temperature in 
the substratosphere, say, at an eleva¬ 
tion of 25,000 feet above sea level. 

25,000 - 1000 = 24,000 
24 X 3H° = 84° 

40° - 84° = —44° 

Thus at 25,000 feet the tempera¬ 
ture would be 44°F below zero. Pas¬ 
senger airplanes flying at such high 
elevations have cabins that are heated 
and pressurized and, because of the 
thin air, they use supercharged en¬ 
gines. A supercharger is a turbine 
that draws in the thin, cold air and 
compresses it before it enters the 
engine cylinder. 

Stratosphere and troposphere. The 

average lapse rate of 3*4°F per 1000 
feet continues until an elevation of 


about 7 miles (about 37,000 feet) is 
reached. From this elevation upward 
for several miles there is little change 
in temperature, and to this region 
the name stratosphere has been ap¬ 
plied. In it, temperatures have been 
found to be in the neighborhood of 
— 60° to — 70°F, although above the 
equator — 135°F has been recorded. 

Thus, it is possible to think of the 
earths atmosphere as composed of 
two layers. In the outer layer, or strat¬ 
osphere, temperatures are very low, 
clouds are absent, dust and water 
vapor are at a minimum, convec- 
tional currents are lacking, and all 
air movement is horizontal. Below 
the stratosphere is the turbulent, 
dusty layer known as the tropo¬ 
sphere, which contains much water 
vapor and also clouds, and in which 



Fig. 29. The atmosphere is composed of two 
principal layers: the troposphere and the strato¬ 
sphere. The elevation of the lower side of the 
stratosphere in the United States is approxi¬ 
mately 7 miles. It is higher at the equator and 
lower at the poles. 

temperature decreases with increas¬ 
ing altitude (Fig. 29). For reasons 
already mentioned, the stratosphere 
or substratosphere offers certain ad- 
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vantages for long-distance airplane 
flights. 

Air drainage. Cold air is heavier 
than warm air. As a result, cold air 
next to the earth’s surface, because 



Fig. 30. Cold air, because it is denser than 
warm air, tends to settle into valley bottoms. 
For this reason, frost is more prevalent and 
more severe in low places than it is on adjacent 
slopes. 

of its greater weight, tends to flow 
downhill and to collect in valleys 
and lowlands. This is called air 
drainage (Fig. 30). It is a well-known 
fact that the first frosts of autumn 
and the last in spring occur in bot¬ 
tomlands and that the lowest temper¬ 
atures on calm, clear winter nights 
are found in similar locations. Citrus 
orchards in California, which might 
be damaged by frost, are located on 
hill slopes where air drainage causes 
a slipping off of the frosty air. Coffee 
in Brazil is planted on the rolling 
uplands, and the frosty valleys are 
avoided. Resort hotels in the Swiss 
Alps shun the cold, foggy valleys and 
choose, instead, sites on the brighter 
and warmer slopes. 

On clear, cold nights when air 
drainage is prevalent, the atmosphere 
is very stable. The heaviest air is at 
the lowest elevation where, on the 
basis of density, it should be. There 
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is no inclination for it to rise. This 
is quite opposite to the unstable con¬ 
dition of the atmosphere on a hot 
summer day, when the heated and 
expanded air near the earth’s surface 
is like a cork held under water. 

Temperature inversion. On rare oc¬ 
casions, the atmosphere nearest the 
earth is actually colder than that im¬ 
mediately above it. This is the re¬ 
verse of the usual condition. A ther¬ 
mometer, carried upward in such air, 
would show an increase in tempera¬ 
ture. Such a condition is called a 
temperature inversion and is respon- 



Fig. 31. Graph showing changes in air tempera¬ 
ture when a thermometer is carried upward by 
balloon or airplane. Curve A is for August 10, 
at Columbia, Missouri. Curve B is for March 
19, at Joliet, Illinois. Curve A is more repre¬ 
sentative of the usual decrease in temperature 
as elevation increases. Curve B shows a surface 
temperature inversion; that is, in the lower 
2000 feet of air, temperature increases with 
elevation. This condition puts airline meteor¬ 
ologists and pilots on guard because such an 
inversion often is responsible for formation of 
dense fog. (Data from U. S. Weather Bureau,) 

sible for much fog (Fig. 31). Inver¬ 
sions also occur in the upper levels 
of the atmosphere. 










34 


THE EARTH AND ITS RESOURCES 



Fig. 32. The average "frostless/' or growing, season throughout the United States is shown on 
this map. Figures indicate the number of frost-free days. (Courtesy U. S. Weather Bureau.) 


Conditions favorable for frost. The 

term frost may be applied either (1) 
to the white deposits of condensed 
water vapor in solid form or (2) to a 
temperature of 32 °F or below, even 
though there is no deposit of white 
frost. There are frosts of various de¬ 
grees of severity, but it is the “killing 
frost” that is of principal interest. 
A killing frost may be defined as a 
temperature condition so low that 
the economic crops of a locality are 
damaged. 

Throughout much of North Amer¬ 
ica, frosts are of chief significance in 
autumn and spring. The growing 
season is the number of frost-free 
days between the last killing frost in 
spring and the first in autumn (Fig. 
32). The length of the growing 
season has a considerable influence 
upon the types of economic crops 


that may be produced in any given 
region. 

Ideal conditions for the occur¬ 
rence of frost are those that are fa¬ 
vorable to rapid and prolonged sur¬ 
face cooling, namely, a preliminary 
importation of a mass of chilly polar 
air, followed by clear, dry, calm 
nights, during which the tempera¬ 
ture of the surface air, because of 
radiation and conduction, may be re¬ 
duced below freezing. The original 
importation provides the necessary 
mass of cool air whose temperature 
is already relatively low, although 
still somewhat above freezing, but 
further rapid loss of heat by earth 
radiation during the following clear 
night is all that is necessary to reduce 
the temperature of the surface air 
below freezing. 

In central and eastern United 







TEMPERATURE OF THE ATMOSPHERE 


35 



Fig. 33. In the winter months, orchard heaters are kept in California orange and lemon groves 
to protect fruit and trees from frost injury during cold winter nights. Warnings are broadcast 
by the United States Weather Bureau each evening during cold weather, telling the growers 
which districts are likely to suffer from frost. Oil is burned for fuel in this type of heater. 
(Sunkist photograph, courtesy California Fruit Growers Exchange .) 


States the dry, cold air mass usually 
arrives with northwest winds. If the 
daytime temperature of the cold air 
mass is in the neighborhood of 40°, 
frost may be expected the following 
night, especially if the sky is clear 
and the air calm. 

Protection against frost. The prob¬ 
lem of artificial protection from frost 
is of considerable importance, espe¬ 
cially in the valuable citrus groves of 
California and Florida. In these re¬ 
gions, orchard heaters are used to 
prevent a bad freeze (Fig. 33). Large 
numbers of such heaters are spaced 
among the fruit trees and are kept 
burning for several hours during the 
time when freezing temperatures are 


expected. Sometimes the smoke from 
numerous heaters drifts into a nearby 
city where it may prove to be a con¬ 
siderable nuisance. 

For small-scale vegetable garden¬ 
ers or fruit-growers, the simplest and 
most effective means of protection 
against frost is to spread over the 
crop a nonmetallic covering such as 
paper, straw, or cloth. Such a cover¬ 
ing tends to intercept the heat that 
is radiated from the ground and 
plants at night. The function of the 
cover, obviously, is not to keep the 
cold out but to keep the heat in. This 
inexpensive type of protection against 
frost is the one used by the house¬ 
wife in saving her garden plants. 
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TEMPERATURE DISTRIBUTION 
OVER THE EARTH 


Isothermal maps* An isotherm is a 
line connecting places of the same 
temperature. Thus, all points of the 
earth’s surface through which any 
one isotherm passes have identical 
average temperatures (Figs. 34, 35). 
On the maps in Figs. 34 and 35, all 
temperatures have been reduced to 
sea level so that the effects of altitude 
are eliminated. If this were not done, 
the complications and details caused 
by mountains and other lesser relief 
forms would make the maps so con¬ 
fusing that the general world-wide 
effects of latitude and distribution of 
land and water would be difficult to 
perceive. It will be noted that the 
isotherms in general trend east and 
west, roughly following the parallels. 
This east-west trend indicates that 
latitude is the greatest single cause 
of temperature differences over the 
earth’s surface. 

General features of temperature dis¬ 
tribution. A study of the isothermal 
maps of the world reveals the follow¬ 
ing general features: 

1) The highest average annual 
temperatures are in the low lati¬ 
tudes, where the largest amounts of 
insolation are received. The average 
lowest temperatures are in the vicin¬ 
ity of the poles, the regions of least 
annual insolation. 

2) Isotherms tend to be straighter 
and are also more widely spaced in 
the Southern Hemisphere, where the 
surface is largely composed of water. 

S) The greatest departures from 


east-west courses are in localities 
where isotherms pass from conti¬ 
nents to oceans, or vice versa. Curva¬ 
ture of isotherms in such places is 
caused by the contrasting heating 
and cooling properties of land and 
water surfaces and the effects of 
ocean currents. 

The distribution of land and wa¬ 
ter bodies ranks next to latitude in 
the control of temperature distribu¬ 
tion. Cold ocean currents off the 
coasts of Peru and northern Chile, 
southern California, and southwest¬ 
ern Africa make themselves conspic¬ 
uous through the equatorward bend¬ 
ing of the isotherms. Similarly, warm 
currents in higher latitudes cause 
isotherms to bend poleward. This 
condition is most marked off the 
coast of northwestern Europe owing 
to the effects of the Gulf Stream. 

January and July temperatures. For 
the earth in general, January and 
July represent the seasonal extremes 
of temperature. The following are 
some of the more significant features 
of temperature distribution as shown 
on the seasonal maps: (1) The iso¬ 
therms and temperature belts move 
north and south, following the north- 
south migration of the sun’s more 
vertical rays. (2) The north-south 
shifting is greater over continents 
than over oceans, because of greater 
extremes of temperature over land- 
masses. (3) The highest temperatures 
on both the January and the July 
maps are over land areas. The lowest 
temperatures in January are over 
Asia and North America, the largest 
of the landmasses in middle lati- 
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tudes. (4) In January in the North¬ 
ern Hemisphere, isotherms bend 
toward the equator over the colder 
continents and toward the poles over 
warmer oceans. In July, the opposite 
conditions prevail. (5) Temperature 
differences between land and water 
are less pronounced in the Southern 
Hemisphere, because of the absence 
of great landmasses. (6) The so-called 
“cold pole” of the earth is in Siberia, 
where temperatures of 90° below 
zero have been recorded. 

The annual range of temperature 
is defined as the difference between 
the average temperatures of the 
warmest and coldest months. The 
approximate annual range at any 
given place can be learned from 
study of the isothermal maps. Notice, 
for example, Duluth, Minnesota. On 
the July map the nearest isotherm is 
70°; on the January map it is zero, 
an annual range of about 70°. The 
greatest annual ranges are over the 
Northern Hemisphere continents, 
which alternately become hot in 
summer and cold in winter. Low an¬ 
nual range is observed (1) near the 
equator, where insolation varies lit¬ 
tle, and (2) over large bodies of wa¬ 
ter, which change temperature much 
more slowly than land areas. The 
predominance of water in the South¬ 
ern Hemisphere results in much 
smaller annual ranges of tempera¬ 
ture than in the Northern Hemi¬ 
sphere. Thus, the change of seasons 
at any given place, as regards temper¬ 
ature, is clearly shown by these two 
maps. 


Air temperature and sensible tem¬ 
perature. Correct air temperature 
can be obtained only by an accurate 
thermometer properly exposed. One 
of the principal items of correct ex¬ 
posure is to see that the instrument 
is not in the sun; otherwise it re¬ 
ceives energy, not only from the sur¬ 
rounding air, but from the absorp¬ 
tion of insolation as well. It also 
should be protected from direct radi¬ 
ation from the ground and adjacent 
buildings. 

Sensible temperature refers to the 
sensation of temperature which the 
human body feels, as distinguished 
from actual air temperature which is 
recorded by a properly exposed ther¬ 
mometer. The human body is a heat 
engine, generating energy at a rela¬ 
tively fixed rate when at rest. Any¬ 
thing, therefore, that affects the rate 
of loss of heat from the body affects 
physical comfort. 

Air temperature, of course, is an 
important element, but so also are 
wind, humidity, and sunlight. Thus, 
a humid, hot day is more uncomfort¬ 
able than one of dry heat with the 
same temperature, since the loss of 
heat by evaporation is retarded more 
when the air is humid. A windy, cold 
day feels uncomfortable, because the 
loss of heat is speeded up by greater 
evaporation. A sunny day in winter 
seems less cold than it actually may 
be, because of the body's absorption 
of direct insolation. Cold air contain¬ 
ing moisture particles feels colder 
than dry cold air. This is because 
cold-water particles collect on the 
skin. By conduction, heat is trans- 
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ferred from the skin to the tiny water 
droplets. Evaporation of the water 
particles also contributes to a lower¬ 
ing of temperature. Because of its 
sensitiveness to factors other than air 
temperature, the human body is not 
a very accurate thermometer. 

SUMMARY 

The atmosphere is warmed mainly 
by the earth, which absorbs sun en¬ 
ergy. If the earth’s surface is warm, 
the air above it is likely to be warm. 
A land surface heats and cools more 
rapidly than water. Convection cur¬ 
rents carry warm air up and cool air 
down. Rising air cools about 5*4°F 
per 1000 feet. 

Roughly, the atmosphere may be 
divided into two layers called the 


troposphere and the stratosphere . 
A thermometer carried upward 
through the troposphere will show a 
drop of about 3*4°F per 1000 feet. 
This is called the lapse rate . Note 
that rising air, because of expansion, 
cools faster than the normal drop in 
temperature with elevation. In the 
stratosphere, temperature is fairly 
constant. Seasonal changes in tem¬ 
perature are much greater in middle 
and high latitudes than in the vicin¬ 
ity of the equator. 

Cold air is heavier than warm air. 
As air changes temperature, it also 
changes weight and pressure. Differ¬ 
ences in atmospheric pressure over 
the earth’s surface cause the air to 
move. Chapter 3, therefore, deals 
with the subject of atmospheric pres¬ 
sure and winds. 


QUESTIONS 

1. What are several elements of environment? Why is climate a most 
important one? 

2. Name the principal constituents of the atmosphere. 

3. Why is water vapor in the air so important? 

4. How does water vapor influence air temperature? 

5. What are a few effects of dust in the air? 

6. What is smog? Where is it most likely to occur? 

7. What are the weather elements? Which two are most important? 

8. What is weather? What is climate? 

9. What are the climatic controls? 

10. Change (a) 10°C to Fahrenheit; ( h ) 5°F to centigrade. 

11. What is insolation? What is sun altitude? 

12. What two factors determine the effectiveness of insolation? 

13. Why are oblique sun's rays less effective than direct rays? 

14. Winter occurs in the United States when the earth is nearest the sun. 
Why? 

15. In general, what is the relation of sun altitude and length of day to 
temperature? 



TEMPERATURE OF THE ATMOSPHERE 


41 


16. Approximately, what is the length of the longest day (duration of 
sunlight) at Singapore? Winnipeg? Point Barrow, Alaska? the North Pole? 

17. Why does the atmosphere receive most of its heat indirectly from 
the sun? 

18. How do land and water surfaces differ with regard to absorption of 
solar energy? 

19. What is the effect of reflection and evaporation on heating a body 
of water? 

20. When water is heated, convection currents are set up. Why does this 
process retard the heating of a water body? 

21. Why do water bodies act as regulators of air temperature? 

22. Since land heats and cools faster than water, where should you expect 
extreme climates? moderate climates? 

23. On a clear, cold day, with snow on the ground, the temperature often 
remains low in spite of a bright sun. Why? 

24. How is the atmosphere warmed by conduction? 

25. What percentage of earth radiation is absorbed by the air? mainly 
by what constituents of the air? 

26. What is convection? How does convection distribute temperature in 
the atmosphere? 

27. What causes the “bumpy” air encountered by airplanes? Why is air 
more bumpy over land than over sea? 

28. How does wind direction affect temperature? 

29. Why does air become warmer as it descends a mountain slope? 

30. Why does the atmosphere usually cool at night? 

31. What conditions promote rapid cooling of the atmosphere at night? 

32. When is frost more likely to occur, on a clear or a cloudy night? Why? 

33. Define adiabatic lapse rate. 

34. Air at 10°F flows through a mountain pass, elevation 12,000 ft. If it 
descends to a nearby plain, elevation 5500 ft, what is its temperature? 

35. How is mean daily temperature calculated? What is daily range of 
temperature? 

36. How is the daily range affected by mountains? by deserts? by cloud 
cover? 

37. What is the seasonal march of temperature? 

38. Study Fig. 27. Which coast, Atlantic or Pacific, experiences colder 
winter temperatures? Name the only city in the United States where the 
lowest temperature has been above freezing. 

39. On an autumn day, when there is little convectional movement of 
the air, the surface temperature of the air at a place 1500 ft above sea level 
is 52°F. Calculate the air temperature above the place at an elevation bf 
24,000 ft above sea level. 
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40. Define the lapse rate? What does it average? 

41. What is the altitude of the stratosphere? What are its characteristics? 

42. How does the troposphere differ from the stratosphere? 

43. What is air drainage? 

44. What is one important result of air drainage? 

45. Which is more turbulent, stable air or unstable air? 

46. Define temperature inversion. What type of weather often accom¬ 
panies an inversion? 

47. Give the two meanings of the term frost. 

48. What are the ideal conditions lor frost formation? 

49. What is one method of protection against frost? 

50. What is an isotherm? 

51. What are some significant features of temperature distribution shown 
by the isothermal charts for January and July? 

52. What is annual range of temperature? In what regions is the annual 
range greatest? smallest? 

53. Why should a thermometer not be placed in the sun when air tem¬ 
perature is measured? 

54. Why is a hot, humid day so uncomfortable? 

SUGGESTED ACTIVITIES 

1. Record the sun altitude at noon daily for several months. 

2. Secure from the Superintendent of Documents, Government Printing 
Office, Washington, D. C., a copy of the Nautical Almanac , which, along 
with other interesting information, gives the declination of the sun (latitude 
of the vertical ray) for a year in advance. Keep a record of this declination 
alongside your record of sun altitude. 

3. Keep daily records of outdoor temperatures, using both Fahrenheit 
and centigrade scales. 

4. If possible, get a thermograph, and place it outside a north window 
where it will be easily visible from within. Try to explain temperature 
changes as shown by it. 

5. Using Weather Bureau data, plot curves to show the daily and annual 
range of temperature at a number of selected places. 

6. In winter, test the rapidity of melting of clean snow as contrasted 
with that of dirty snow. Explain. 

7. If possible, make inquiry of air transport companies or pilots concern¬ 
ing the effects of convectional air currents on airplanes. At many airports 
you can see the weather data of the upper atmosphere secured from balloon 
and airplane soundings. Make notes of any interesting and significant facts 
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that you discover. Notice the maps or charts of the upper atmosphere that 
the Weather Bureau men make and study. These upper-air observations 
aid in advising aviators concerning flights and in more accurately forecasting 
the weather. 

8. If you drive through the country in autumn or spring, note the 
prevalence of valley frosts caused by air drainage. 

9. One member of the class may be appointed to write to the Superin¬ 
tendent of Documents, Government Printing Office in Washington for a 
list of publications dealing with weather and climate. Many of these can 
be purchased at relatively low cost, and it may be desirable to have several 
on hand. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 

1. The Sun as a Sourc e of Energy 

2. The Stratosphere Balloon Flight from the Black Hills (see National 
Geographic: Magazine , January, 1936) 

3. Possibilities of Long-Distance Airplane Flights in the Stratosphere 

1. World’s Records of High and Low Air Temperatures 

5. Low Temperatures Recorded by Balloons at High Altitudes 

6. Temperature Contrasts over Land and Water Areas in Similar Lati¬ 
tudes 

7. Damage Done by Severe Frosts (sec l T . S. Weather Bureau publica¬ 
tions) 

8. Distribution of Temperature over North America in July and Jan- 


Blair, Thomas A. Weather Elements (2d ed.). Prentice-Hall, New York, 
1942. 

Brooks, Charles F. Why the Weather . Harcourt, Brace & Co., New York, 
1935. 

Bureau of Aeronautics, United States Navy. Aerology for Pilots . McGraw- 
Hill Book Co., New York, 1943. 

Byers, Horace R. General Meteorology . McGraw-Hill Book Co., New York, 
1944. 

Finch, V. C., Trewartha, G. T., Shearer, M. H., and Caudle, F. L. Elemen¬ 
tary Meteorology . McGraw-Hill Book Co., New York, 1942. 

Haynes, B. C. ‘‘Meteorology for Pilots/’ Civil Aeronautics Bull. 25. Govern¬ 
ment Printing Office, Washington, 1943. 
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Namias, Jerome, and Others. An Introduction to the Study of Air Mass 
and Isentropic Analysis (5th ed.). The American Meteorological Society, 
Milton, Mass., 1940. 

Pettf.rssen, Sverre. Introduction to Meteorology. McGraw-Hill Hook Co., 
New York, 1941. 

Pope, Francis, and Otis, Arthur S. Elements of Aeronautics, Part IV. 
World Book Co., Yonkers, N. Y., 1941. 

Shields, Bert A. Meteorology and Air Navigation: Air Pilot Training. 
McGraw-Hill Book Co., New York, 1942. 

Starr, Victor P. Basic Principles of Weather Forecasting. Harper R: Bros., 
New York, 1942. 

United States Weather Bureau. “Weather Forecasting.” Bull. 42 (15 
cents). Government Printing Office, Washington. (Excellent for begin¬ 
ners.) 



CHAPTER 3. 


Atmospheric Pressure 
and Winds 


Compared with temperature and pre¬ 
cipitation, atmospheric pressure and 
winds are relatively insignificant as 
elements of weather and climate. To 
be sure, winds of high velocity may 
be dangerous to man’s crops and 
structures. There are, as well, certain 
physiological reactions to strong air 
movement. But the sum total of 
these direct effects of wind is not of 
first importance. 

Still less is human life directly 
affected by the slight changes in air 
pressure that occur at the earth’s sur¬ 
face. Although imperceptible to our 
bodies, these pressure differences are 
the reason for the existence of winds. 
Therefore, although not directly of 
first importance as climatic elements, 
both pressure and winds are indi¬ 
rectly of outstanding significance in 
the effects that they have upon tem¬ 
perature and precipitation, the two 
genuinely important elements of 
weather and climate. 

The sequence of events might be 
as follows: A minor change in pres¬ 
sure (of little consequence directly) 
acts to change the velocity and direc¬ 
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tion of wind (also not of major 
importance directly). This in turn 
brings about changes in temperature 
and precipitation, which together 
largely determine the character of 
weather and climate. Whether it is 
a south wind or a north wind is im¬ 
portant, because of the different tem¬ 
perature conditions induced by each. 
An onshore wind, as compared with 
an offshore one, is climatically signif¬ 
icant, because of differences in mois¬ 
ture and temperature. It is chiefly as 
controls of temperature and precipi¬ 
tation, then, rather than as elements 
of weather and climate, that pressure 
and winds are worthy of attention. 
The most important single function 
of wind is the transportation of wa¬ 
ter vapor from the oceans to the 
lands, where that ivater vapor con¬ 
denses and falls as rain. 

Measuring atmospheric pressure. At¬ 
mospheric pressure is measured with 
a mercury barometer or an aneroid 
barometer (Fig. 36). These are ex¬ 
plained in Appendix C. A self- 
recording barometer, called a baro¬ 
graph, is shown in Fig. 37. 
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Air pressure at sea level is about 
14.7 pounds per square inch, or 
slightly more than 1 ton per square 



Fig. 36. An aneroid barometer shows atmos¬ 
pheric pressure in millibars. Mean sea level 
pressure is 1013 millibars. Assuming this in¬ 
strument to be at sea level, it is indicating low 
pressure (about 997 millibars). (Courtesy Friez 
Instrument Division, Bendix Aviation Corp .) 

foot. We pay little attention to this 
pressure because it is the same on all 
sides of any given object. Thus, we 
pick up a book and move it around 
freely in the air. However, if the 
book could be made to fit snugly in 
a rectangular tunnel or tube and the 
air exhausted, or removed, from one 
side of the book, then the book 
would move tow.ard the direction of 
reduced pressure. This is the prin¬ 
ciple of suction involved in drink¬ 
ing a liquid through a hollow tube. 
Using the mouth as an exhaust 
pump, we remove the air from inside 
the tube. Atmospheric pressure on 
the surface of the liquid in the glass 
then forces the liquid upward. 


The gasoline tank on an automo¬ 
bile or airplane must have an open¬ 
ing or vent to permit air to enter 
the tank. Atmospheric pressure helps 
to push the gasoline through the fuel 
line. If the vent becomes clogged 
with dirt, the engine will sputter and 
may finally stop, which is very un¬ 
fortunate, especially in an airplane 
several thousand feet above the 
earth. 

A column of air 1 square inch in 
cross-sectional area extending from 
sea level to the top of the atmosphere 
weighs approximately 14.7 pounds. 
This weight is balanced by a column 
of mercury 29.92 inches, or 760 
millimeters, high (see Appendix C). 



Fig. 37. The barograph records atmospheric 
pressure on paper. A sheet of graph paper is 
fastened on the outside of the cylinder at the 
left, which rotates once a week by means of 
clockworks inside. The center cylinder contains 
several aneroids (see Appendix C). One advan¬ 
tage of the barograph is that a glance at the 
instrument is sufficient to ascertain whether air 
pressure is rising, falling, or steady. (Courtesy 
Friez Instrument Division, Bendix Aviation Corp.) 

Thus, we say that normal sea-level 
pressure is 29.92 inches. 

Another measure of atmospheric 
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pressure is called the millibar. 1 This decrease in air pressure with increas- 
unit of pressure is now used by mete- ing altitude. The lower layers of the 
orologists in practically all parts of atmosphere are the densest, because 
the world. About 34 millibars are the weight of all the layers above 
equal to 1 inch on the mercury ba- rests upon them. In general, it may 
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rometer. Normal sea-level pressure 
of 29.92 inches corresponds to 1013.2 
millibars (mb). On weather maps, 
isobars, or lines of equal sea-level 
pressure, are drawn for every 3 milli¬ 
bars of pressure change. 


RELATION OF PRESSURE IN INCHES TO 
PRESSURE IN MILLIBARS 


Inches 

Millibars 

Inches 

Millibars 

27.00 

• 914.3 

29 .15 

1007.5 

28.00 

948.2 

29.92 

1013.2 

28.50 

965.1 

30.00 

1015.9 

29.00 

982.1 

30.25 

1024.4 

29.50 

999.0 




Relation of air pressure to tempera¬ 
ture, When air is heated, it expands 
and becomes less dense. A column of 
warm, light air weighs less than a 
column of cold, heavy air. Over a 
warm region of the earth, heated air 
expands, rises, and overflows aloft, 
moving toward regions of lower tem¬ 
peratures (Fig. 38). 

DISTRIBUTION OF ATMOSPHERIC 
PRESSURE 

Vortical distribution. Since air is 
very compressible, there is a rapid 


be said that a mercury barometer 
drops about 1 inch for each 1000-foot 
increase in elevation. With higher 
altitudes the air rapidly becomes 
much thinner and lighter; hence, at 
an elevation of 18,000 feet, one-half 
the atmosphere by weight is below 
the observer, although the whole air 
mass extends to a height of several 
hundred miles. 

The human body is not physio¬ 
logically adjusted to the low pres¬ 
sures and associated small oxygen 



Fig. 38. Relationship of air temperature to 
pressure and winds. Dashed lines indicate sur¬ 
faces of equal pressure. 

content of the air at high altitudes. 
Nausea, faintness, and nosebleed 
often result from a too rapid ascent. 

1 The millibar is a force equal to 1000 
dynes per square centimeter. A dyne is a 
unit of force approximately equal to the 
weight of a milligram. 
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Oxygen tanks are a part of the nor¬ 
mal equipment of aircraft operating 
at high altitudes. Such aircraft also 
have pressurized cabins. 


AVERAGE PRESSURE DECREASE WITH 
INCREASE OF ALTITUDE * 


Height , 
feet 

Pressure , 
pounds per 
square inch 

Pressure , 
inches of 
mercury 

Pressure , 
millibars 

50,000 

1.68 

3.44 

116.0 

45,000 

2.14 

4.36 

147.5 

40,000 

2.72 

5.54 

187.6 

35,000 

3.46 

7.04 

238.4 

30,000 

4.36 

8.88 

300.9 

25,000 

5.45 

11.10 

376.0 

20.000 

6.75 

13.75 

465.6 

18,000 

7.34 

14.94 

506.0 

16,000 

7.97 

16.21 

549.1 

14,000 

8.63 

17.57 

595.2 

12,000 

9.35 

19.03 

644.4 

10,000 

10.11 

20.58 

696.8 

8,000 

10.92 

22.22 

752.6 

6,000 

11.08 

23.98 

812.0 

4,000 

12.69 

25.84 

875.1 

2,000 

13.66 

27.82 

942.1 

0 

14.70 

29.92 

1,013.2 


* From United States Weather Bureau. 


Horizontal distribution. Just as tem¬ 
perature distribution is represented 
by isotherms, so atmospheric pres¬ 
sure distribution is represented by 
isobars, that is, lines connecting 
places having the same pressure. On 
the isobaric charts here shown (Figs. 
39, 40), effects of elevation have been 
eliminated. All pressure readings 


have been reduced to sea level. This 
is necessary because pressure in high 
mountains and plateaus is always 
much less than at sea level. If these 
differences caused by elevation were 
not eliminated, it would be very dif¬ 
ficult, if not impossible, to make 
world-wide comparisons of atmos 
pheric pressure. Similar reduction to 
sea-level pressure is made also when 
isobars are drawn on a daily weather 
map. 

The most noticeable features of 
average world-pressure conditions 
(Figs. 39, 40) are as follows: (1) 
There is an equatorial belt of low 
pressure (below 30 inches) that coin¬ 
cides rather closely with the belt of 
highest temperature. Within the belt 
the lowest pressures are over land, 
where the highest temperatures oc¬ 
cur. (2) The subtropical highs (horse 
latitudes), a series of high-pressure 
centers, are located about 30° to 
40°N and S lat. (3) The subpolar 
troughs of low pressure are situated 
about 60° to 70°N and S lat. The 
subpolar trough is much more con¬ 
tinuous in the Southern than in the 
Northern Hemisphere. In the North¬ 
ern Hemisphere it is represented by 
two distinct centers: the Iceland low 
in the North Atlantic and the Aleu¬ 
tian low in the North Pacific. (4) 
Theie are polar highs in the vicinity 
of the North and South poles. It 
should be emphasized that equatorial 
low pressure is a result of high tem¬ 
peratures and that polar high pres¬ 
sure is a result of low temperatures. 

Isobars for January and July. Com¬ 
paring the January and July maps, 
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the following features may be noted: 
(1) The pressure belts, like those of 
temperature, move north with the 
sun’s rays in July and south in Janu¬ 
ary. They lag behind and do not mi¬ 
grate so far as do the insolation belts. 
Migration is greater over continents 
than over oceans. (2) In winter the 
subtropical highs are strengthened 
by cold landmasses and are therefore 
more continuous; in summer they 
are weakened by the warm land 
areas. (3) Over landmasses, especially 
in Asia and North America, areas of 
low pressure develop in summer, and 
high pressure in winter. Pressure 
over adjacent oceans is just the re¬ 
verse, huge low-pressure areas exist¬ 
ing over the North Atlantic and 
North Pacific in winter. 

RELATION OF WINDS TO PRESSURE 

Air that moves essentially parallel 
to the earth’s surface is referred to as 
wind. Vertical air movements are 
more properly designated as currents, 
although the name is often applied 
to horizontal movements as well. 
Wind is usually the result of hori¬ 
zontal differences in air pressure. 

Pressure gradient. The pressure 
gradient, or barometric slope, refers 
to the rate and direction of the 
change in pressure. If pressure is low 
in Minnesota and high in Missouri, 
then the barometric slope is from 
south to north, and the wind will 
blow from south to north. If the dif¬ 
ference in pressure between the two 
states is very great, then a steep baro¬ 


metric slope exists, and winds of 
high velocity will result. 

There are two fundamental rules 
concerning relationships between 
pressure and winds: (1) The direc¬ 
tion of air flow is from regions of 
higher pressure to regions of lower 
pressure, that is, down the baromet¬ 
ric slope. This follows the law of 
gravitation and is just as natural as 
the well-known fact that water runs 
downhill. (2) The rate of air flow, or 
velocity of the wind, depends upon 
the steepness of the pressure gradient 
or the rate of pressure change. When 
the gradient is steep, air flow is rapid; 
when it is weak, the wind is likewise 
weak. Just as the speed of a river is 
determined largely by the slope of 
the land, or the rate of change in 
elevation, so the velocity of wind is 
determined largely by the baromet¬ 
ric slope, or the rate of change in air 
pressure. 

One, therefore, can determine the 
steepness of the pressure gradient 
and, consequently, the relative veloc¬ 
ity of air movement, by noting the 
spacing of the isobars. Closely spaced 
isobars, like those in the vicinity of 
the subpolar trough in the Southern 
Hemisphere, indicate relatively steep 
gradients, or marked pressure differ¬ 
ences. Under these conditions, winds 
of high velocity prevail. When iso¬ 
bars are spaced far apart, gradients 
are weak, and winds are likewise. 

Calms, when winds are absent or 
very weak, prevail when pressure dif¬ 
ferences over extensive areas are very 
small. At such times there is nearly 
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an absence of isobaric lines on the 
pressure map. 

It should be borne in mind that 
winds are always named by the direc- 



Pig. 41. Weather instrument tower at United 
States Weather Bureau, Washington, D. C. 
From left to right, the instruments are a pres¬ 
sure-tube type anemometer, thunderstorm indi¬ 
cator, 4-foot wind vane, and 3-cup type ane¬ 
mometer. The cups are spinning so fast that 
they are not discernible. (Courtesy U. S. 
Weather Bureau .) 

tion from which they come. Thus a 
wind from the south, blowing toward 
the north, is called a south wind. 
The wind vane points toward the 
direction from which the wind is 
coming (Fig. 41). It therefore points 


in a general way toward the high- 
pressure area down whose baromet¬ 
ric slope the air is flowing. 

Windivard refers to the direction 
from which a wind comes; leeward, 
to the direction toward which the 
wind blows. A windward coast is one 
along which the air is moving on¬ 
shore, and a leeward coast has winds 
offshore. When a wind blows more 
frequently from one direction than 
from any other, it is called a prevail - 



Fig. 42. A "station model" on a weather map 
gives the weather conditions. At this city, the 
temperature was 34°F, visibility 5 miles, and 
dew point 24°F (see Chapter 4). Wind was from 
the northeast at 13 to 18 miles per hour. By 
putting 10 in front of 138, and pointing off one 
place, we get the barometric pressure of 1013.8 
millibars. The symbol below 138 shows the 
barometer falling unsteadily. The completely 
shaded circle indicates an overcast sky. The 
symbol below the circle means low clouds. 
Weather conditions here shown foretell an ap¬ 
proaching snowstorm. 

ing wind. On the daily weather map, 
wind arrows fly with the wind (Fig. 
42). 
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WIND DIRECTION AND VELOCITY 

Wind directions as recorded by 
the Weather Bureau are usually lim¬ 
ited to 16 points of the compass at 


N 




Fig. 43. The 16 wind directions. A wind from 
225° is a southwest wind. A wind from 67^° 
is blowing from what direction? Wind direction, 
like true course from one city to another, is 
measured clockwise from true north. 

22 y 2 ° intervals beginning with north 
(Fig. 43). Ability to foretell wind 
direction a day ahead is a prime req¬ 
uisite of a good weather-forecaster. 

Importance of wind direction. Sup¬ 
pose that a tropical air mass, moving 
as a south wind, is causing unusually 
warm weather in Des Moines, Iowa. 
A forecaster, by studying the weather 
map, foresees that on the following 
day a polar air mass, advancing from 
the northwest, will reach the city. 
Under such conditions, he is certain 
to forecast colder weather. At an¬ 
other time, opposite conditions may 
exist. 

Throughout the central states, the 
prevailing wind direction in summer 
is south, owing to the prevalence of 


low pressure near the center of the 
North American continent; in win¬ 
ter the prevailing wind direction is 
northwest, owing to high pressure in 
the same locality. During January 
and February, 1948, a number of 
bitterly cold polar air masses moved 
southward from Canada to Gulf of 
Mexico. Middle and eastern United 
States experienced am unusually cold 
winter with heavy snows, especially 
in New York, while California suf- 



Fig. 44. Weather observer watching pilot bal¬ 
loon through a theodolite. He telephones data 
to a computer at the plotting board in the 
office. The data enable the computer to calcu¬ 
late the wind direction and velocity aloft. (Cour- 
fesy l/. S. Weather Bureau.) 

fered severe drouth. Conversely, hot, 
dry air masses from the southwest 
often cause severe drouths in July 
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Fig. 45. Radar equipment used for tracking sounding balloons to obtain wind direction and 
velocity at high levels. Balloon carries metal that reflects radio waves to apparatus shown here. 
Since the radio waves penetrate clouds, this system has a tremendous advantage over the older 
pilot balloon-theodolite method. Radar is being used also to locate and follow thunderstorms. 
(Courtesy J. R. Lloyd and U, S. Weather Bureau.) 


and August, resulting in great dam- 
age to growing crops and causing 
much suffering among people and 
livestock. 

Wind direction foretells weather. 
Generally speaking, over much of 
central and eastern United States, 
easterly winds indicate the approach 
of foul weather; and westerly winds, 
fair weather. 

Wind direction at high altitudes 


is ascertained by releasing rubber 
balloons filled with helium and ob¬ 
serving them through a small tele¬ 
scopic instrument called a theodolite 
(th£-od'6-lIt). Such balloon sound¬ 
ings also indicate velocity of winds 
aloft (Figs. 44, 45). 

In the central and eastern states, 
the upper winds are mainly from the 
southwest, west, and northwest and 
are usually much stronger, especially 
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in winter, than surface winds (Figs. 
46, 47). These upper winds partially 
account for the fast airplane flights 
from Los Angeles to New York. 

Layers of air at different elevations 
often move in different directions. 
Thus an airplane pilot may find a 
strong head wind at 2000 feet, but 
at 6000 feet he might have a tail 



Fig. 46. Prevailing directions of upper winds in 
summer. (Courtesy U. S. Weather Bureau.) 



Fig. 47. Prevailing directions of upper winds 
tn winter. (Courtesy U. S. Weather Bureau .) 


wind. Two-way radio communica¬ 
tion between an airplane in flight 
and an airport often makes it possi¬ 
ble for meteorologists to advise pilots 


l 


Fig. 48. Airplanes land and take off against 
the wind. Why? 

of the correct altitude at which to 
fly in order to Lake advantage of fa¬ 
vorable wind direction. Obviously 
this service results in considerable 
savings in fuel consumption and in 
time. 



Fig. 49. Three-cup type anemometer used to de¬ 
termine wind velocity. (Courtesy U. S. Weather 
Bureau.) 


Airplanes take off and land against 
the wind. In the take-off the head 
wind causes a more rapid ascent; in 
landing it acts as a brake, consider¬ 
ably lowering the landing speed of 
the plane (Fig. 48). 
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Wind velocity is measured in miles 
per hour by an instrument called an 
anemometer (Figs. 41, 49). In gen¬ 
eral, winds are steadier over water 
than over land. Gusty winds are char¬ 
acteristic of landmasses. The surface 
velocity throughout the central states 
averages about 10 to 15 miles per 
hour but may range from zero to 60 
or more. 

Wind velocity is of tremendous 
importance in aviation. If an air¬ 
plane has an air speed of 100 miles 


per hour and is going against a 100- 
mile wind, its speed over the earth s 
surface will be zero, and from the 
ground it will appear stationary. If 
the wind increases to 110 miles per 
hour, the airplane will move back¬ 
ward at a speed of 10 miles per hour. 
If the pilot turns and goes with the 
wind, his speed over the earth will 
be 210 miles per hour. In many cases, 
however, the airplane encounters 
neither a direct head wind nor a tail 
wind. Instead, a side wind may be 


BEAUFORT SCALE * OF WIND FORCE WITH VELOCITY EQUIVALENTS 


Beaufort 

number 

Map 

symbol 

Descriptive 

word 

Velocity , miles 
per hour 

Specifications for estimating velocities 

0 


Calm 

Less than 1 

Smoke rises vertically 

1 



1- 3 

Direction of wind shown by smoke drift but 
not by wind vanes 

2 


Light 

4- 7 

Wind felt on face; leaves rustle; ordinary vane 
moved by wind 

3 


Gentle 

1 

8-12 

Leaves and small twigs in constant motion; 
wind extends light flag 

4 i 

' 


Moderate 

13-18 

Wind raises dust and loose paper; small branches 
are moved 

5 


Fresh 

19-24 

Small trees in leaf begin to sway; crested wave¬ 
lets form on inland water 

6 



25-31 

Large branches in motion; whistling heard in 
telegraph wires; umbrellas used with difficulty 

7 


Strong 

32-38 

Whole trees in motion; inconvenience felt in 
walking against the wind 

8 



39-46 

Wind breaks twigs off trees; generally impedes 
progress 

9 


Gale 

47-54 

Slight structural damage occurs (chimney pots 
and slate removed) 

10 



55-63 

Trees uprooted; considerable structural damage 
occurs 

11 

Ilo 

Whole gale 

64-75 

Rarely experienced; accompanied by wide¬ 
spread damage 

12 


Hurricane 

Above 75 



* This scale was conceived originally in 1805 by Admiral Beaufort of the British Navy. 
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strong enough to carry the ship off 
its course. In such cases the pilot 
must head the nose of the ship into 
the wind in order to follow a given 

N n 



V True course=90°- 
Ground speed 153mph 

I Wind correction 

I ang/c-IO°R 

Fig. 50. A pilot wishes to fly a true course 
straight east, 90°, from take-off point £. The 
wind, EW, at flight altitude is blowing from 
240° at 40 miles per hour. The air speed of the 
plane, WP, is 120 miles per hour. The pilot must 
"crab" the ship into the wind 10° to the right, 
to counteract wind drift. His true heading there¬ 
fore is 100°, and ground speed, EP, 153 miles 
per hour. Diagrams like this are easily made, 
using a protractor and a scale of 1 centimeter 
equals 10 miles. Be careful to measure all 
angles clockwise from true north. 


track over the earth’s surface (Fig. 
50). 

Taking advantage of strong upper 
winds, pilots have flown from Cali¬ 
fornia to New York at an average 
speed of about 600 miles per hour. 
Wind velocity is usually greater in 
high mountains than in lowlands. 
Low passes in the continental divide 
are well known for strong winds. 
One of the highest wind velocities 
ever recorded, 231 miles per hour, 
occurred atop Mount Washington in 
northern New Hampshire in Decem¬ 
ber, 1934. 


THE EARTH'S WIND SYSTEMS 

Planetary winds. We have seen that, 
just as water flows from high to low 


elevations, so air flows from high to 
low pressure. Observe again Figs. 39, 
40. From both of the subtropical 
high-pressure belts the air flows 
toward the equator. These are the 
trade winds . On the poleward side of 
the subtropical highs, the air flows 
toward the subpolar troughs of low 
pressure. These winds are called the 
stormy westerlies. From the polar 
highs, the polar easterlies blow 
toward the subpolar lows. Between 
the trades, where pressure gradients 
are weak, is the equatorial belt of 
variable winds and calms called the 
doldrums. Between the trades and 
westerlies, at the tops of the subtrop¬ 
ical highs, where pressure gradients 
are likewise weak, are the subtropi¬ 
cal belts of variable winds and calms, 
sometimes called the horse latitudes . 


N.P 



Fig. 51. A very diagrammatic representation of 
pressure and wind belts of the earth. 


Figures 51 and 52 are diagram¬ 
matic sketches of pressure belts as 
they might exist on a globe composed 
of either all land or all water. This 
arrangement of pressure belts may 
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Fig. 52. A very diagrammatic representation of pressure and wind belts of the earth. 


he observed to some extent on the 
seasonal isobaric charts for January 
and July in the Southern Hemi¬ 
sphere (Figs. 39, 40), where a high 
percentage of the earth's surface is 



Fig. 53. The solid arrows show the deflection 
of winds owing to the earth's rotation. The rule 
is as follows: With one's back to the wind, de¬ 
flection in the Northern Hemisphere is toward 
the right; in the Southern Hemisphere, toward 
the left. 

covered with water. In the Northern 
Hemisphere, great landmasses tend 
to disrupt the pressure belts. 

Profile of average pressure distribu¬ 
tion along a north-south meridian. 

The general pressure conditions that 
have just been described are shown 
in a diagrammatic way in Fig. 52. A 
line of “hills and valleys” drawn 
from pole to pole shows the points 


of high and low pressure. Above this 
line, by means of arrows that slope 
downhill, are shown the prevailing 
winds of the world. The curved line, 
or pressure profile, rises from the 
belt of low pressure near the equa¬ 
tor to the subtropical highs at about 
30° or 35°N and S lat. Then it slopes 
downward to the subpolar lows in 
latitudes 60° to 70°, after which it 
rises again in the vicinity of the 
poles. 

Effects of earth rotation on winds. 

The rotation of the earth on its axis 
causes the winds in the Northern 
Hemisphere to be deflected toward 
the right and in the Southern Hemi¬ 
sphere, toward the left. Thus the 
trades become northeast winds north 
of the equator, and southeast winds 
south of the equator. The wester¬ 
lies become mainly southwest winds 
in the Northern Hemisphere, and 
northwest winds in the Southern 
Hemisphere (Fig. 53). 

Wind belts and pressure areas. It 
should be remembered that the sys¬ 
tem of world winds just described 
holds true over oceans more than 
over landmasses. Heating and cool¬ 
ing of land and irregularities of the 
land surface tend to break up the 
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generalized system of world wind 
belts. 

Isobaric charts of the world show 
certain great semipermanent areas 
of high and low pressure over the 
oceans and continents with spiraling 
wind systems around them. Kspe- 
cially on the January chart (Fig. 39) 
the huge low-pressure area over the 
North Pacific Ocean (the Aleutian 
low) and another over the North 
Atlantic (the Iceland low) are clearly 
shown. On the same chart large areas 
of high pressure appear over North 
America and Asia. The high over 
Asia in January is intensified by 
the extreme cold of Siberia. In the 
Southern Hemisphere, on both the 
January and the July charts, areas 
of high pressure appear over the 
Indian, South Atlantic, and South 
Pacific oc eans, and an unbroken belt 
of low pressure extends around the 
world in the vicinity of the 70th 
parallel. 

The centers of action are literally 
great wheels of atmospheric circula¬ 
tion, for they generate the winds. 
Winds, in turn, largely determine 
the extent to which water vapor is 
carried from sea to land. Winds also 
influence the direction of ocean cur¬ 
rents. It is evident that shifts in 
the position and intensity of these 
centers of action might have very 
marked effects upon the seasonal 
weather of any part of the earth. 
The study of these centers has been 
the basis of some attempts at long¬ 
distance weather-forecasting. 

Doldrums, or equatorial belt of vari¬ 
able winds and calms. As the north¬ 


east and southeast trades converge 
toward the equator, they rise above 
the earth’s surface, leaving between 
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Fig. 54. Northeast and southeast trades and 
doldrums over the Atlantic Ocean on a June 
day. The wind rose, a diagram that shows 
mainly the prevailing wind directions, is given 
for each 5° square. Arrows fly with the wind. 
The length of the arrow is proportional to the 
frequency of winds from that direction. The 
number of feathers on the arrow indicates the 
average force of the wind. The numeral in the 
center gives the percentage of calms, light airs, 
and variable winds (U. S. Hydrographic Office 
Pilot Chart.) 

them at low elevations a condition 
of light and baffling breeze with 
much calm (Fig. 54). This doldrum 
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belt, therefore, occupies the axis, or 
valley, of lowest pressure in the 
equatorial low-pressure trough where 
pressure gradients are weak and vari¬ 
able, resulting in winds of the same 
character. 

It needs to be emphasized that the 
nature of the winds is the result of 
the character of the barometric gra¬ 
dients. The condition of calms and 
variable winds is not clearly marked 
all round the equator, nor does it 
exist at all times of the year. In 
places and upon occasions, it may be 
reduced to the vanishing point by 
the encroaching trades or by mon¬ 
soons. 2 

The principal air movement in 
the doldrums is vertical rather than 
horizontal. Ascending currents are 
indicated by the abundance of cu¬ 
mulus clouds, 3 numerous thunder¬ 
storms, and heavy convectional rain¬ 
fall. Because this is a region of con¬ 
verging air currents that escape by 
upward movement, the doldrums are 
inclined to be turbulent and stormy, 
with calms, squalls, and light winds 
alternating. Within the doldrums, 
calms prevail 15 to 30 percent of the 
time, and winds, chiefly light and 
gentle breezes, come from all points 
of the compass with about equal fre¬ 
quency (Fig. 54). Sultry and oppres¬ 
sive weather is characteristic. 

In past times the doldrums were 
rigorously avoided by sailing vessels. 
Owing to the fact that a sailing ship 
could very well be becalmed for days 
in the doldrums because of lack of 
wind, boats often took longer routes 
and went far out of their courses in 


order to cross in the narrowest parts 
of the belt. 

Although the doldrums are usu¬ 
ally spoken of as a belt, it would be 
incorrect to conceive of this condi¬ 
tion of variable winds and calms as 
having definite northern and south¬ 
ern boundaries. The doldrums merge 
imperceptibly with the trades on 
both margins over the oceans, so that 
their limits are often difficult to de¬ 
fine. Irregular in width but averag¬ 
ing perhaps 200 to 300 miles, they 
extend in places for as much as 10° 
or more away from the equator. 
In other longitudes, especially where 
monsoons are well developed, as they 
are in the Indian Ocean, the dol- 
drum belt may be wiped out entirely. 
Over the Atlantic Ocean in July, dol¬ 
drums lie between latitudes 11°N 
and 3°N, and in January between 
3°N and 0°. Most of the doldrmn 
belt probably lies between parallels 
5°N and 5°S. 

Trade winds. In each hemisphere 
the trade winds blow over the oceans 
approximately between latitudes 30° 
or 35° and 5° or 10°. They move 
obliquely downgradient from the 
subtropical high areas toward the 
equatorial low. Over the North At¬ 
lantic in summer, the approximate 
limits of the northeast trades are 
35°N and 11°N; in winter, 26°N and 
3°N. In parts of the low latitudes 

a Monsoons are seasonal winds, blowing 
from sea to land in summer and from land 
to sea in winter. They are more fully ex¬ 
plained in the latter part of this chapter. 

s Cumulus clouds are described and illus¬ 
trated in Chapter 4. 



ATMOSPHERIC PRESSURE AND WINDS 


61 


they reach, and even cross, the equa¬ 
tor. Away from landmasses, trades 
blow rather constantly from an 
easterly direction (northeast in the 
Northern and southeast in the South¬ 
ern Hemisphere). Over continents, 
and even adjacent to them, both 
steadiness and direction may be con¬ 
siderably modified. On the island of 
St. Helena, which lies in the heart 
of the southeast trades of the South 
Atlantic, the percentage of winds 
from various directions is as follows, 
according to Kendrew: 4 



N 

NE 

E 

SE 

S 

SJV 

Calm 

January 



5 

76 

19 



July 

1 

2 

9 

62 

20 

1 

5 


Trades are the most regular and 
steady winds of the earth, particu¬ 
larly over the oceans. Their charac¬ 
teristic moderate-to-fresh breezes av¬ 
erage 10 to 15 miles per hour. Calms 
are infrequent, usually prevailing 
less than 5 percent of the time. 

Over landmasses and near their 
margins the surface trades are much 
less conspicuous than over the oceans. 
They blow with greater strength and 
constancy in winter than in summer, 
for in the hot season the belt of sub¬ 
tropical highs is broken by the heated 
continents, resulting in a much less 
continuous belt of trades at that 
season. Especially over eastern and 
southern Asia, and to a degree over 
the waters south and east of the 
United States as well, summer mon¬ 
soons tend to weaken or even elimi¬ 
nate the trades. In winter, on the 


other hand, outflowing continental 
winds tend to strengthen them. 

In general, the trades are regions 
of fine, clear weather with few 
storms. The most spectacular of these 



Fig. 55. When moist winds are forced to cross 
mountain barriers, heavy precipitation falls on 
the windward slopes, but leeward slopes are 
relatively dry. 

storms are the tropical hurricanes 
and typhoons, discussed in Chapter 5. 

Since the trades yield little pre¬ 
cipitation when traveling over oceans 
or over landmasses of low elevation, 
they are often described as desert 
makers. But when these prevailingly 
“dry” winds are forced to rise 
abruptly, for example, along the ele¬ 
vated windward margin of a conti¬ 
nent—they may yield copious rain. 
On one of the mountainous Hawai¬ 
ian Islands, located in the northeast 
trades, annual rainfall on the wind¬ 
ward side is more than 200 inches, 
but on the leeward side it is less than 
20 inches (Fig. 55). 

Trade-wind belts as sailing routes. 
Because of the steady nature of the 
trades, as well as their fine, clear 
weather with few severe storms, they 
were thoroughfares for sailing ves¬ 
sels. The routes of ships powered 
with either steam or diesel engines 

* W. G. Kendrew. Climate, p. 90. Oxford 
University Press, New York, 1938. 
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are, of course, but little influenced 
by wind belts. Just as sailing craft 
avoided the belts of calms and fickle 
winds, so they sought out the trades 
and plotted their courses in order to 
take advantage of them. 

The charted route for wind-driven 
boats traveling from Europe to the 



Fig. 56. The subtropical belt of variable winds 
and calms, or horse latitudes, over the North 
Atlantic Ocean for June. Explanation of symbols 
is given below Fig. 54. ( U . S. Hydrographic 
Office Pilot Chart.) 

United States ran southward along 
the Atlantic coast of F.urope and 
Africa to about latitude 25° or 30°, 
then due westward in the trades, and 
finally northward again in the west¬ 
ern Atlantic (trace on Figs. 39, 40). 
This is much farther in miles than 
the more direct steamship route of 
today; but sailing craft measured 
their trips in days rather than in 
miles, and better time could be made 
by sailing with the trades over a 
longer course than by fighting against 
the westerlies over a shorter route. 

Columbus in his first voyage to 
the New World sailed south from 
Spain to the Canary Islands and then 
westward in the trades. His journal 
of the voyage contains frequent re¬ 
marks concerning the fine weather 
and the favorable winds experienced. 


One notation describes the weather 
as being like April in Andalusia. 
The almost constant following winds 
from the northeast worried the sail¬ 
ors, however, for they feared that the 
return trip to Spain might be impos¬ 
sible. Upon one occasion when a 
westerly wind was experienced, Co¬ 
lumbus wrote: “ This contrary wind 
was very necessary to me, because 
my people were much excited at the 
thought that in these seas no wind 
ever blew in the direction of Spain/’ 

The flying route from California 
to China via the Hawaiian and the 
Philippine Islands takes advantage 
of the fine weather of the trades. In 
flying west the trades are utilized as 
tail winds. 

Subtropical belt of variable winds 
and calms, or the horse latitudes. 

Lying between the trades and the 
stormy westerlies over the oceans are 
the horse latitudes. They are high- 
pressure areas. Within these areas 
light, variable winds and calms are 
the rule (Fig. 56). On the wind charts 
(Figs. 39, 40) the horse latitudes are 
the centers of the great subtropical 
“whirls” of air. These whirls have 
opposite rotations in the Northern 
and Southern hemispheres. 

Although the horse latitudes are 
like the doldrums in their prepon¬ 
derance of light and fickle winds, 
blowing from any and all points of 
the compass, they are totally unlike 
them in their general weather con¬ 
ditions. Because they are regions of 
settling air and light, variable winds, 
the air is prevailingly dry. Skies are 
clear. The weather is fine much of 
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the time. Sunshine is abundant, and 
rainfall is relatively low. 

The centers, or “ridges,” of sub¬ 
tropical high pressure lie in the vi¬ 
cinity of latitudes 30° to 40°N and 
S. These are sometimes known as 
the Mediterranean latitudes, because 
they correspond in location to that 
sea. The representative wind rose 
(Fig. 56) for these regions resembles 
that of the doldrums, calms prevail¬ 
ing 15 to 25 percent of the time; and 
light and gentle breezes from all 
points of the compass, the remain¬ 
der. The horse latitudes, like the dol¬ 
drums, are avoided by sailing vessels. 

Stormy westerlies. Moving down- 
gradient from the centers of sub¬ 
tropical high pressure to the sub¬ 
polar lows (roughly 35° or 40° to 60° 
or 65°) are the stormy westerlies. 
The poleward boundary of this wind 
belt is a particularly fluctuating one. 
It shifts with the seasons and over 
shorter periods of time as well. 

The westerlies are distinctive 
among the wind belts in that they 
are neither uniformly strong nor 
weak but, instead, are composed of 
extremes. “Spells of weather” are one 
of their distinguishing characteris¬ 
tics. At times, especially in the win¬ 
ter, they blow with gale force; on 
other occasions mild breezes prevail. 
Although designated as westerlies 
(westerly being the direction of most 
frequent and strongest winds), air 
in this wind belt does blow from all 
points of the compass (Fig. 57). 

The variability of winds, in both 
direction and strength, so character¬ 
istic of the westerlies, is largely the 


result of the procession of storms 
(cyclones and anticyclones) from 
west to east in these latitudes. These 
storms tend to break up and modify 
the general westerly air movement. 



Ocean in January. (U. S. Hydrographic Office 
Pilot Chart.) 

Moreover, on the eastern side of Asia 
monsoon wind systems tend to dis¬ 
turb the westerlies, especially in sum¬ 
mer. This is also true on the eastern 
side of North America but to a lesser 
degree. 

In the Southern Hemisphere, 
where in latitudes 40° to 65° land- 
masses are largely absent, the wester¬ 
lies can be observed in their least 
interrupted development. Over the 
great expanses of oceans, winds of 
gale strength are common in sum- 
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rner as well as in winter. These winds 
are the “roaring forties” of nautical 
jargon. In the vicinity of Cape Horn, 
they are often so violent that they 
make east-west traffic around the 
Cape not only difficult but even dan¬ 
gerous. It is a wild region where gale 
follows gale with only brief inter¬ 
vening lulls; raw chilly weather, 
cloudy skies, and mountainous seas 
prevail. 

The westerlies of the Northern 
Hemisphere, where the great land- 
masses with their seasonal pressure 
reversals cause the wind systems to 
be much more complex, are consider¬ 
ably less violent in summer than in 
winter. In summer, gentle to fresh 
breezes prevail, and winds come 
from a great variety of directions 
with almost equal frequency. But 
winter winds are strong and boister¬ 
ous, blowing mainly from westerly 
directions. In winter, great masses 
of cold polar air occasionally move 
equatorward in the westerlies. 

It is clear that the westerlies must 
be more difficult and strenuous sail¬ 
ing winds than are the trades, be¬ 
cause they are more stormy and be¬ 
cause they are more variable in 
strength and direction. Although the 
winds are variable, they are strong¬ 
est and most frequent from the west, 
so that sailing vessels plot their 
courses to take advantage of this con¬ 
dition. Thus, sailing craft use the 
trades from Europe to America and 
the westerlies on the return trip. 
Similarly, in going from the United 
States or Europe to Australia, sailing 


ships go by the Cape of Good Hope, 
returning by Cape Horn. 

Polar winds. In the higher lati¬ 
tudes, beyond the belts of westerlies, 
the subpolar low-pressure troughs are 
extremely wild and stormy areas, for 
they are the routes followed by a 
large number of cyclonic storms of 
high latitudes. These storms, espe¬ 
cially in the cool seasons, move south¬ 
ward into the paths of steamships 
plying the North Atlantic and North 
Pacific oceans. Winds of gale force, 
together with huge waves, often re¬ 
duce the speed of an ocean liner. As 
a result, the ship’s arrival at its des¬ 
tination may be delayed many hours. 

Causes of terrestrial modifications. 
Certain modifications of the idealized 
planetary wind system are the result 
of (1) the inclination (23%°) and 
parallelism of the earth’s axis, (2) 
the distribution of large landmasses 
in the Northern Hemisphere, and 
(3) the shapes and elevations of land- 
masses. 

Latitudinal shifting of wind belts. 

The inclination and parallelism of 
the earth’s axis as the earth revolves 
around the sun cause the sun’s ver¬ 
tical ray to migrate from 23*4°N 
(summer solstice, about June 21) to 
2 3 1 />°S (winter solstice, about De¬ 
cember 21), a total of 47°. This in 
turn causes a north-south migration 
(of lesser extent) of the temperature, 
pressure, and wind belts. Some re¬ 
gions are thus influenced by two 
wind belts during the year. For ex¬ 
ample, between latitudes 5° and 
15°N and S, the doldrums may pre¬ 
vail during high sun, and the trades 
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during low sun. Certain Mediterra¬ 
nean lands (latitudes 30° to 40°) ex¬ 
perience the clear, dry weather of 
the horse latitudes and trades in 
summer and the more stormy and 
wetter weather of the cyclonic west¬ 
erlies in winter. 

Monsoon winds. Monsoon winds 
are the result of the earth’s surface 
being composed of great land and 
water areas which have unequal heat¬ 
ing and cooling qualities. Seasonal 
differences in temperature often give 
rise to seasonal contrasts in pressure; 
and, of course, contrasts in pressure 
give rise to changes in wind direc¬ 
tion. The chain, or sequence, of 
events, then, is from temperature, 
through pressure, to winds. 

In winter, for example, the in¬ 
terior of Asia becomes excessively 
cold, resulting in the development 
of a great stationary continental anti¬ 
cyclone or high-pressure area. Over 
the warmer seas to the east and south 
of Asia, temperatures are higher, and 
the pressures consequently lower. As 
a result of this arrangement of the 
pressure areas, the surface gradient 
is from the continent toward the 
ocean. Consequently, cold surface 
winds move out from Asia toward 
the surrounding seas. This prevail¬ 
ing land wind constitutes the winter 
monsoon (January, Fig. 39). 

The winter monsoon is not always 
from the same direction in the vari¬ 
ous parts of eastern and southern 
Asia, for it blows from the west and 
northwest in Japan and north China 
and from the north and northeast 
in southern Asia, where it acts to 


strengthen the normal trade winds 
of those latitudes. Although not al¬ 
ways from the same direction, it is, 
in almost all sections, a land wind, 
bringing cold, dry air down to the 
very sea margins and beyond. This 
condition is not conducive to rain¬ 
fall; hence, winter, or the period of 
low sun, is characteristically the dri¬ 
est season in monsoon lands. Winter 
monsoons, particularly of middle 
latitudes, are subject to interrup¬ 
tions by the passage of cyclonic 
storms which bring some precipita¬ 
tion even in the cool season. 

Summer monsoon. In summer the 
Asiatic continent becomes warmer 
than the adjacent oceans, and as a 
consequence a semipermanent sea¬ 
sonal low-pressure center develops 
over that landmass. Higher pressure 
prevails over the cooler oceans, so 
that the gradient is from sea to land, 
as are also the winds (July, Fig. 40). 
This mass of sea air moving in to¬ 
ward the heated continent is called 
the summer monsoon. Much of it 
originates in the trades south of the 
equator. Since it travels great dis¬ 
tances over bodies of tropical water, 
it brings with it abundant supplies 
of water vapor which are conducive 
to rainfall. Summer, therefore, is 
characteristically the wet season In 
monsoon lands. 

The summer monsoon is not al¬ 
ways a wind from the same direction 
throughout southeastern Asia, but at 
least it is from the sea. Interruptions 
from cyclonic storms are not infre¬ 
quent. 
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In monsoon regions continental- 
controlled winds tend to wipe out 
the planetary system of trades and 
westerlies, substituting in their 
places a terrestrial system. Hot, hu- 




India. 

mid summers and relatively cold, dry 
winters are characteristic of most re¬ 
gions with continental wind systems 
in the middle latitudes. India, cut 
off as it is from the rest of Asia by 
high mountain ranges and plateaus, 
has a monsoon system of local origin, 
quite distinct from that of the rest 
of the continent (Fig. 58). The fol¬ 
lowing table will help to fix the chain 


of events just described for a mon- 


soon region: 

fVinter 

Summer 

Asia cold 

Asia warm 

High pressure 

Low pressure 

Winds toward sea 

Winds toward land 

Dry season 

Wet season 


Partly because of the great size of 
the continent, the monsoon system 
of winds is most perfectly developed 
over eastern and southern Asia, al¬ 
though monsoons in modified form, 
or monsoon tendencies, are charac¬ 
teristic of other regions as well (Fig. 
59). Southeastern United States, 
northern Australia, Spain, and South 
Africa all are regions with monsoon 
tendencies. These land areas may not 
always be sufficiently powerful to 
cause a complete seasonal reversal of 
winds as is Asia, but at least they 
create partial monsoons. 

Land and sea breezes. Just as there 
are seasonal wind reversals (mon¬ 
soons) resulting from seasonal tem¬ 
perature contrasts between land and 
water, so there are diurnal, or daily, 
monsoons resulting from similarly 
induced temperature contrasts with¬ 
in the 24-hour period. These are 
called land and sea breezes, or di¬ 
urnal monsoons (Fig. 60). 

Thus, along coasts there is often 
a drift of cool, heavy air from land 
to water at night (corresponding to 
winter) and a reversed wind direc¬ 
tion, sea to land, during the heat of 
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the day. Usually the sea breeze begins 
between 11 and 12 a.m. and seldom 
lasts much later than 4 o’clock in the 
afternoon. It is a shallow wind, pene¬ 
trating only a short distance inland, 
usually not more than 20 miles. 
Along tropical shores the sea breeze 
is a remarkably important climatic 
phenomenon, causing these places to 
be more livable and healthful than 
they otherwise would be. 

The beginning of the sea breeze 
may cause a drop in temperature of 
15° to 20° within one-quarter to one- 
half hour. Coasts with w^ell-devel- 
oped sea breezes are inclined to have 
modified marine climates, with the 
daily temperature extremes much re¬ 
duced. The coasts of New Jersey and 
northern Chile are examples of re¬ 
gions having w r ell-developed sea 
breezes in summer. 

Mountain and valley breezes. Like 
land and sea breezes, mountain and 
valley breezes have a distinct diurnal 
periodicity. During the day the air 
of in enclosed valley, or that ad¬ 
jacent to a slope receiving relatively 
direct rays of the sun, becomes 
heated so that active convectional 


ascent of the warm and expanded 
air takes place up the valleys and 
along the mountain slopes. 

This daytime updraft of warm air, 
or valley breeze, is indicated by the 



Fig. 60. Along some ocean and lake shores, a 
sea breeze blows from sea to land during some 
of the daylight hours. At night, the air flow is 
from land to sea. The cool sea breeze is an 
attractive feature at certain summer resorts lo¬ 
cated on the ocean shore. 

masses of cumulus clouds that col¬ 
lect about the peaks of mountains 
during summer days. They are the 
visible tops of invisible ascending air 
currents. Daily summer afternoon 
rains are therefore common in moun- 
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tains; and visibility, because of the 
cloud masses, is restricted during the 
warm hours of the day. 

After sundown, as the rapidly 
cooling slopes begin to chill the air 
layers next to them, the cooler, 
heavier air begins to slip down the 
mountain sides into the valleys (the 
principle of air drainage discussed in 
the previous chapter). This is a re¬ 
versal of the day current and is 
known as the mountain breeze . It is 
often very perceptible at the mouth 
of a gulch. 

Where there are marked constric¬ 
tions in a valley that drains a large 
area, strong winds may result. Sum¬ 
mer camps are sometimes pitched at 
the mouth of a valley in order to 
benefit from the cooling effect and 
ventilation provided by the moun¬ 
tain breeze. The cool evening breeze 
attracts thousands of vacationists to 
mountain resorts in summer. 

Winds and ocean currents. The 
slow movement of surface waters of 
the ocean (average rate about 2% 
miles per hour) is largely due to the 
friction of steady winds blowing over 
the water surface day after day. Thus 


the trade winds cause a slow drift of 
ocean water toward the west, both 
north and south of the equator, and 
the westerlies cause an eastward 
movement. A more detailed discus¬ 
sion of ocean currents is given in 
Chapter 14. 

SUMMARY 

Air has weight and, therefore, ex¬ 
erts pressure on all surfaces. Air pres¬ 
sure decreases about 1 inch per 1000- 
foot increase in elevation. Isobaric 
charts indicate certain pressure belts 
on the earth. These pressure belts 
are directly related to the planetary 
winds of the world. Planetary w r inds 
greatly influence climate. They are 
modified in places by differences in 
temperature between land and water 
bodies. 

Water evaporates into the air in 
the form of invisible water vapor. 
Winds carry water vapor from the 
oceans to the continents. This water 
vapor condenses to form clouds, 
which in turn bring rain. Chapter 4, 
therefore, deals with atmospheric 
moisture and precipitation. 


QUESTIONS 

1. What is the most important function of the wind? 

2. What is an aneroid? What is a barograph? 

3. What is barometric pressure at sea level in inches of mercury? in 
pounds per square inch? in millibars? 

4. Which is heavier, warm air or cold air? 

5. Why does a barometer rise and fall? 

6. Normally, does high or low barometer result from high temperature? 
from low temperature? 



ATMOSPHERIC PRESSURE AND WINDS 


69 


7. Why do the lower layers of air have greater density than those at 
high altitudes? 

8. How much does air pressure decrease with increase in altitude? 

9. One-half the atmosphere by weight is within how many feet of the 
earth’s surface? 

10. Define isobar. 

11. What are the four most noticeable features of average atmospheric 
pressure over the earth’s surface? 

12. What is wind? What causes wind? 

13. Define pressure gradient. 

14. State the two fundamental rules dealing with the relationship between 
pressure and winds. 

15. How do isobars help to indicate wind velocity? 

16. Define windward, leeward, prevailing wind. 

17. Draw a station model showing a southeast wind, 10 mph; overcast 
sky; temperature 80°; visibility 8 mi; dew point 65°; barometric pressure 
1017.3 mb, falling unsteadily. 

18. What is the prevailing direction of the wind in the central states in 
summer? Why? What is the prevailing direction in winter? Why? 

19. During drouths in the United States, what are the prevailing wind 
directions? 

20. How are direction and velocity of upper winds ascertained? 

21. What are the prevailing directions of upper winds in the central and 
eastern states? How does wind velocity usually change with increase in 
altitude? 

22. Why is a knowledge of upper winds so important to an airplane pilot? 

23. Why does an airplane take off and land against the wind? 

24. What is an anemometer? 

25. Why are winds steadier over water than over land? Give two reasons. 

26. In aviation, what is meant by a head wind? by a tail wind? by a side 
wind? 

27. Make a diagram similar to Fig. 50, with only one change: the wind 
is reversed, blowing from 60° instead of 240°. You should get a true head¬ 
ing of about 81°; wind correction angle 9° left; and ground speed 84 mph. 
If magnetic variation is 10°W (New York), what is the magnetic course? 
What is the magnetic heading? 

28. Where is Mount Washington? What wind velocity has been recorded 
there? 

29. Name the planetary winds. 

30. How are planetary winds deflected by the earth’s rotation? 

31. Why are wind belts less continuous in the Northern than in the South¬ 
ern Hemisphere? 
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32. Where are the two principal low-pressure “centers of action” in the 
Northern Hemisphere? Give their names. 

33. In the doldrums, what is the nature of winds? of rainfall? 

34. Why did sailing vessels avoid the doldrums when possible? 

35. Between which parallels does most of the doldrum belt probably lie? 

36. What is the approximate latitude of the trade winds? From what 
direction do they blow south of the equator? north of the equator? 

37. In general, what kind of weather do trade-wind regions have? 

38. Where do trades produce copious rainfall? 

39. Why were the trade winds favorable to sailing vessels? 

40. What are the longitude and latitude of the Hawaiian Islands? In 
which wind belt are they? Which mountain slopes receive heavy rain? 

41. What route is followed by sailing vessels across the Atlantic? by air¬ 
planes from California to China? 

42. What is the nature of winds in the horse latitudes? Describe the 
weather in these regions. Why is it relatively dry? 

43. What parts of what continents are in the stormy westerlies? 

44. Describe wind behavior in the stormy westerlies. Why is there such a 
great variability in direction and velocity? 

45. In what latitudes are the westerlies least interrupted? 

46. Where are the “roaring forties”? What is the nature of weather there? 

47. What is the general nature of polar winds? 

48. What is meant by latitudinal shifting of wind belts? 

49. What causes the winter monsoon of Asia? What effect does it have 
on temperatures in China and Japan? 

50. Why is winter the dry season in monsoon regions? 

51. What causes the summer monsoon of Asia? 

52. Why is summer the wet season in monsoon regions? 

53. Why does India have a monsoon wind system of local origin? 

54. North America has a monsoon tendency. Is such influence more 
noticeable on the east or west coast? Why? 

55. Explain the cause of land and sea breezes. Where do such breezes influ¬ 
ence daily weather in the United States? 

56. What is the cause of mountain and valley breezes? 

57. What is probably the principal cause of ocean currents? 

SUGGESTED ACTIVITIES 

1. On a map of the world, draw arrows to indicate wind belts. Show 
a few routes of sailing vessels with red lines and steamship routes with blue 
lines. Explain some of the contrasts shown. Use another color for principal 
airlines. 
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2. Construct an electric indicator for wind direction. In a box about 
12 by 20 inches and 3 inches deep build partitions to divide the space into 
8 equal parts. Place a small electric light in each pocket. Over the top of the 
box fasten a piece of translucent glass with the wind directions shown as in 
Fig. 61. On the roof, build an 8-pointed switch, as shown at A. At the center 
is the upright rod of a wind vane. A sliding contact is fastened to the upright 
rod and moves over the eight segments as the wind vane changes direction. 
Run a cable of nine wires from the 8-pointed switch to the box of lights in 
the laboratory. 

Build an anemometer such that the center rod that supports the cups 
rotates with the cups. On the center rod arrange an electric switch in such 
a way that each time the cups rotate once, electric contact is made, closing 
a circuit that causes a light in the laboratory to flash. The number of flashes 
per minute will provide an idea of wind velocity. 

3. If a barograph is not available, record the barometer readings every 
hour, and plot a curve to show changes in atmospheric pressure during the 
day. 

4. Find out the elevation above sea level of your school building. Reduce 
the barometer reading to sea level by adding the necessary amount. Do the 
same for Denver, Salt Lake City, Yellowstone Park, and Pikes Peak. This 
is the necessary procedure in construction of the daily weather map. 

5. If possible, visit an airport. Observe the care with which wind velocity 
and direction are recorded. At the larger airports you may hear the radio 
operator advising a pilot in the air to fly at a certain altitude in order to 
take advantage of favorable winds. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 

1. Local Conditions of Atmospheric Pressure and Winds 

2. Results of Upper Air Observations in the United States 

3. Pilot Charts of the Various Oceans (U. S. Hydrographic Office) 

4. The Use of Air Pressure in Ascertaining Altitude 

5. Balloon and Airplane Soundings of Upper Air Conditions 
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6. The Monsoon Winds of India 

7. The Routes of Sailing Vessels 

8. Contrasting Weather Conditions in the Trades and Westerlies 

9. Contrasting Pressure Gradients in Summer and Winter (see United 
States weather maps) 

10. Windward and Leeward Coasts of South America 

REFERENCES 

See list at end of Chapter 2. 



CHAPTER 4. 


Atmospheric Moisture 
and Precipitation 


The composition of the atmosphere 
is fairly constant from time to time 
and place to place. The amount of 
water vapor in the air, however, is 
by no means uniform, since it varies 
from nearly zero to almost 5 percent. 
This variability is of outstanding im¬ 
portance for the following reasons: 
(1) The amount of moisture in the 
air is directly related to rainfall pos¬ 
sibilities. (2) Water vapor absorbs 
energy radiated from the earth and 
thus tends to regulate temperature. 
(3) The greater the amount of water 
vapor in the air, the greater the 
quantity of stored-up energy for the 
production of storms. (4) The 
amount of water vapor affects the 
human body’s rate of cooling, that is, 
the sensible temperature. 

Sources of water vapor. Like all the 
other gases in the atmosphere, water 
vapor is invisible. The primary 
source of this important gas is the 
great oceans, which cover approxi¬ 
mately three-quarters of the earth’s 
surface. By winds and diffusion 
methods, the water vapor evaporated 
from these bodies of water through 
the expenditure of solar energy is 


carried in over the continents. Less 
important, but nevertheless signifi¬ 
cant, sources of atmospheric mois¬ 
ture are the moist land surfaces, the 
vegetation cover, and the minor bod¬ 
ies of water. Plants give off more 
moisture to the air than does bare 
ground but not so much as a freely 
exposed water surface. 

A constant turnover is forever in 
progress as regards the atmosphere’s 
water vapor. Additions are made 
through evaporation of water in its 
solid and liquid states, while some 
water is being lost to the atmosphere 
by condensation. As winds carry the 
moisture in gas form from the oceans 
to the land, so rivers and glaciers de¬ 
liver it again in liquid or solid form 
to the seas. Half the water vapor in 
the air lies below an altitude of 
6500 feet. 

Evaporation and condensation. 

Evaporation is the changing of a 
liquid to a gas. Some solids, such as 
ice, evaporate. The rate of evapora¬ 
tion of water depends upon (1) the 
temperature of the water, (2) the 
temperature of the air that is in con¬ 
tact with the water, (3) the amount 




Fig. 62. Altostratus clouds above and advection fog below, photographed from Mount Wilson, 
southern California. (Photograph by F. Ellerman, courtesy U. S. Weather Bureau.) 


of water vapor already in the air, 
and (4) the velocity of the wind. 

Condensation is the changing of 
a gas to a liquid. Thus water va¬ 
por, which is invisible, condenses 
into a visible liquid form (cloud) 
when air is sufficiently cooled (Fig. 
62). These processes are well illus¬ 
trated by an airplane in flight. In 
one stratum of air having a tempera¬ 
ture a few degrees below freezing 
and containing some water in liquid 
form, moisture may condense in the 
form of ice on the leading edge of 
the wing; in another stratum the ice 
may evaporate rapidly. It is evident 
that the two strata differ in the quan¬ 
tity of water vapor present. 


The term sublimation is applied 
to the change of a gas to a solid, or 
vice versa. The invisible water vapor 
in the air changes directly into ice 
crystals in the form of snow or frost, 
without going through the liquid 
stage. Conversely, on a clear, dry day, 
it is possible for snow to disappear 
by changing into vapor. Water, we 
conclude, is the one substance that, 
may exist in the atmosphere in all 
three of its physical forms: solid, 
liquid, and gaseous. 

Latent energy in water vapor. Heat 
and motion are forms of energy. Heat 
energy is required to change water 
in the liquid form into steam, or 
water vapor. The unit of heat en- 
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ergy, the calory, is the amount of 
heat required to raise the tempera¬ 
ture of 1 gram of water 1°C. It takes 
79 calories to convert a gram of ice 
into a gram of water at freezing tem¬ 
perature. A much greater quantity 
of heat, 607 calories, is required to 
evaporate a gram of water at 32° 
into water vapor at the same temper¬ 
ature. Thus, it is evident that water 
vapor contains more potential en¬ 
ergy than the liquid form. This 
stored-up energy is called latent heat . 
For the most part it is transformed 
sun energy that was employed in 
evaporation. 

One reason why bodies of water 
heat slowly is that so much energy 
is consumed by evaporation at the 
surface. That evaporation requires 
heat is evident from the cool sensa¬ 
tion experienced when the skin is 
moistened with water or, better, gas¬ 
oline or ether. In this case heat is 
subtracted from the skin to convert 
the liquid into a gas. If energy is 
consumed in the process of evapora¬ 
tion, then, conversely, energy should 
again be released during condensa¬ 
tion. 

Latent heat of condensation is the 
heat released by the condensation of 
water vapor, especially in the forma¬ 
tion of clouds. This heat increases 
the strength of convection currents 
in the center of a storm , thus increas¬ 
ing the intensity or severity of the 
storm itself. On a cloudy night when 
condensation is taking place, latent 
heat of condensation aids in prevent¬ 
ing the normal cooling of the lower 
layers of air. 


HUMIDITY 

Measuring humidity. An instrument 
used to measure humidity, or water 
vapor content of the air, is called a 
hygrometer . A self-recording hy- 



Fig. 63. A combination hygrograph-thermo- 
graph. The hygrograph records relative hu¬ 
midity on graph paper; the thermograph re¬ 
cords temperature. (Courtesy Friez Instrument 
Division, Bendix Aviation Corp.) 

grometer, or hygrograph, is shown 
in Fig. 63. In Appendix C will be 
found explanations of various types 
of hygrometers. 

Perhaps the easiest and most con¬ 
venient method employed in meas¬ 
uring humidity is the so-called “wet- 
and dry-bulb” method. A wet-bulb 
is simply a thermometer that has a 
piece of muslin cloth fastened around 
the bulb. The cloth is saturated with 
water. Evaporation of water from the 
muslin will cause the wet-bulb ther¬ 
mometer to read lower than the dry- 
bulb. By subtracting, we get the dif¬ 
ference between wet- and dry-bulb 
temperatures. Then, by using the 
table on page 76, we can ascer- 


Temperature difference between wet-bulb and dry-bulb 
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tain the relative humidity and dew 
point. 

The amount of water vapor that 
air can hold depends largely upon 
its temperature. Capacity is the maxi¬ 
mum amount of water vapor that a 
cubic foot of air can hold at a given 
temperature. 

MAXIMUM WATER-VAPOR CAPACITY OF 
1 CUBIC FOOT OF AIR AT VARYING 
TEMPERATURES 


Temperature, 

degrees 

Fahrenheit 

Water vapor, 
grains 

Difference 
between succes¬ 
sive 10° intervals 

30 

1.9 


40 

2.9 

1.0 

50 

4.1 

1.2 

60 

5.7 

1.6 

70 

8.0 

2.3 

80 

10.9 

2.9 

90 

14.7 

3.8 

100 

19.7 

5.0 


It is evident from the accompany¬ 
ing table that warm air is capable of 
holding much more water vapor 
than cold air. Warm air, therefore, 
has greater potentialities for produc¬ 
ing abundant rain than does cold 
air. Air is said to be saturated when 
it contains all the water vapor pos¬ 
sible. Water vapor, at the same tem¬ 
perature and pressure, is lighter than 
air in the ratio of 5 to 8. Very humid 
air is, therefore, lighter than dry air. 
Moist air, consequently, is less able 
to support the weight of smoke par¬ 
ticles and airplanes than is dry air at 
the same temperature. 


Absolute humidity is the actual 
amount of water vapor in the air 
measured in grains per cubic foot 
(or grams per cubic meter). This 
amount is usually greatest in the vi¬ 
cinity of the equator and decreases 
toward the poles, varying consider¬ 
ably, however, with distance from 
the ocean and smaller bodies of 
water. 

Masses of air differ greatly in ab¬ 
solute humidity. This is especially 
noticeable in winter. A tropical air 
mass, originating over the Caribbean 
Sea or the Gulf of Mexico and mov¬ 
ing north, usually has a high abso¬ 
lute humidity, whereas a polar air 
mass, moving from northern Canada 
toward the south, contains much less 
water vapor per cubic unit. 

Absolute humidity is usually very 
low when an air mass from northern 
Mexico, New Mexico, and western 
Texas moves from the southwest to¬ 
ward the central states. This air from 
the southwest may carry much dust. 
At such times both absolute and 
relative humidity are very low, ow¬ 
ing partly to the absorption of mois¬ 
ture by the dust. During one dust 
storm in March, 1936, the relative 
humidity at Kansas City, Missouri, 
was 8 percent at 11 p.m., a time of 
day when relative humidity often is 
in the neighborhood of 80 percent. 

Relative humidity is the percent¬ 
age of water vapor in the air and is 
determined by the ratio of absolute 
humidity to capacity. Stated in an¬ 
other way, relative humidity may 
be said to be an expression of the 
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relationship between the actual 
amount of water vapor in the air 
(absolute humidity) and the total 
amount of water vapor that the air 
could hold at the same temperature 
(capacity). For example, air at 70°F 
can contain approximately 8 grains 
of water vapor per cubic foot (its 
capacity). If, however, it contains 
only 6 grains (its absolute humidity), 
then it is only three-fourths satu¬ 
rated, and its relative humidity is 
75 percent. Whenever temperature 
of the air changes, capacity also 
changes and, therefore, relative hu¬ 
midity. This is illustrated by the 
accompanying table: 


Temperature, 
degrees F 

Absolute 

humidity, 

grains 

Relative 

humidity, 

percentage 

40 

2.9 

100 saturated 

50 

2.9 

71 saturated 

60 

2.9 

51 saturated 

70 

2.9 

36 saturated 

80 

2.9 

27 saturated 

90 

2.9 

19 saturated 


The relationship existing between 
absolute humidity (AH), capacity 
(C), and relative humidity (RH) may 
be expressed by the following for¬ 
mula: 

AH 

RH = (expressed in percentage) 

If air that is not saturated is suffi¬ 
ciently cooled, thereby reducing its 
capacity for moisture, a temperature 
is eventually reached at which the 


mass of air is saturated. The dew 
point is the temperature at which 
the air is saturated and below which 
condensation takes place. Thus air 
at 90° that contains 5.7 grains of 
water vapor per cubic foot (its abso¬ 
lute humidity) has a dew point of 
00°, because 5.7 is capacity at 60°. 

Further cooling below the dew 
point causes condensation, forming 
minute water particles (cloud or fog) 
if above 32° and ice crystals if below 
32°. Suppose that this air is cooled 
to 40°. The amount of water vapor 
condensed per cubic foot is 5.7 — 
2.9 = 2.8 grains. 

Much moisture is condensed when 
warm, saturated air is cooled. Com¬ 
paring warm and cool air, the fol¬ 
lowing may be noted: saturated air 
at 90° cooled 20° yields 6.7 grains 
per cubic foot; saturated air at 50° 
cooled 20° yields 2.2 grains per cubic 
foot. 

Problem 1 . Air at 70° has a relative 
humidity of 72 percent. What is the 
absolute humidity? the dew point? 

AH = RH X C 
Capacity at 70° = 8.0 

0.72 X 8.0 = 5.76 grains per cubic 
foot 

According to the table of capacities, 
this air would be saturated if its tem¬ 
perature were reduced to 60°. The 
dew point is therefore 60°. 

Problem 2. Outdoor air at 30° with a 
relative humidity of 80 percent is 
brought indoors and heated to 70° with¬ 
out the addition of any water vapor. 
What is the relative humidity indoors? 
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AH = RH X C 

AH - 0.80 X 1.9 = 1.52 


Temperature indoors is 70°; therefore 
C = 8.0 


1.52 

RH = —= 19 percent indoors 
o.UO 


Problem 2 illustrates a condition 
that too often exists in our homes 
and public buildings in winter. Rel¬ 
ative humidity of 19 percent indi¬ 
cates very dry air which, together 
with dust, causes inflammation of the 
tender membranes of the nose and 
throat, possibly making us more sus¬ 
ceptible to contagious diseases of 
many kinds. 

Since dry air causes more rapid 
evaporation of moisture from the 
body, with the resulting cooling 
effects, it follows that increased hu¬ 
midity would improve the quality 
of the air from the standpoint of 
human comfort. For these reasons 
and others, effort should be made to 
add moisture to the air indoors in 
winter. Some furnaces are equipped 
with humidifiers. Evaporating pans 
can be placed at suitable places. 

Specific humidity. In the metric sys¬ 
tem, humidity is expressed in a dif¬ 
ferent way. Specific humidity is the 
number of grams of water vapor per 
kilogram of moist air. Note that this 
is weight of water vapor per unit 
weight of moist air. A kilogram is 
2.2 pounds. For example, at sea-level 
pressure and a temperature of 20°C 
(68°F) a kilogram of saturated air 
contains about 15 grams of water 
vapor. Suppose, instead of being satu¬ 
rated, that this kilogram of moist air 


contained 7.5 grams of water vapor. 
Then 


RH = 


7.5 

15 


2 = 50 percent 


In the summer, especially in our 
central and eastern states, relative 
humidity is often abnormally high, 
causing us to be extremely uncom¬ 
fortable (see Fig. 64). We speak of 
such weather as “muggy,” or “sticky.” 
On such days, indoors, we should 
seek not only to cool the air but to 
reduce its water vapor content. 

A i r-cond i tion ing in vol ves those 
methods by which air is brought to 
and kept at the most desirable tem¬ 
perature and humidity for the com¬ 
fort of the human body. Such con¬ 
ditioning includes the following: (1) 
filtration of the air, (2) disinfecting, 
(3) regulation of temperature, (4) 
regulation of humidity, (5) circula¬ 
tion, and (6) proper insulation of the 
building. 

Many modern homes are equipped 
with air-conditioning units. Certain 
railroads are featuring fast, stream¬ 
lined, air-conditioned trains. Steam¬ 
ship companies whose vessels travel 
in tropical waters are offering as 
an added attraction air-conditioned 
sleeping quarters aboaid ship. 

It is a rather remarkable fact that 
the people of a large city will spend 
considerable sums of money for the 
heating of homes in winter but that 
relatively small expenditures are 
made for cooling in summer. And 
yet in that same city deaths from 
heat prostration may actually exceed 
those caused by severe cold. 
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Fig. 64. Mean relative humidity (percentage), local noon, during the month of July. Does rela¬ 
tive humidity increase or decrease from Houston, Texas, to Santa Fe, New Mexico? In which 
state do you observe the lowest humidity? the highest? Relative humidity is generally lowest from 
noon to 3 or 4 P.M. Can you give a reason? (Courtesy U. S. Weather Bureau.) 


CONDENSATION 

i 

The only known method whereby 
water vapor in the atmosphere can 
be converted into the liquid or solid 
state is to reduce the temperature of 
the air below the dew point. When 
air is cooled, its capacity for water 
vapor is lowered; and if the cooling 
is sufficient, condensation of water 
vapor must result. The dew point 
of any mass of air is closely related to 
its relative humidity. 

When the relative humidity is 
high and the air is close to the satura¬ 
tion point, only a slight cooling is 
necessary for the dew point to he 
reached and for condensation to be¬ 
gin. Airplane pilots beware! When 
temperature and dew point are close 


together , there is danger of fog for¬ 
mation at any time . On the other 
hand, when relative humidity is low, 
as it usually is over the hot deserts, 
a large amount of cooling is required 
before the dew point is reached. 

Condensation, therefore, depends 
upon two variables: (1) the amount 
of cooling and (2) the relative hu¬ 
midity of the air. If the dew point is 
not reached until the temperature 
falls below 32°, the condensed water 
vapor may be in the form of tiny 
ice crystals (white frost, snow, and 
some clouds); if condensation occurs 
above the freezing point, it will be 
in the liquid state (dew, fog, and 
many clouds). 

Quiet air in contact with cold earth's 
surface. At night the earth radiates 





ATMOSPHERIC MOISTURE AND PRECIPITATION 


81 



Fig. 65. Average annual numbers of days with dense fog. (Courtesy U. S. Weather Bureau.) 


its heat into space. As the earth's sur- air, producing a fog (Fig. 65). Such 
face cools, the air in contact with it fogs are particularly noticeable in 
also cools, owing largely to conduc- lowlands, where, as a result of air 
tion of heat from the lower layers drainage, the colder, heavier air has 
of air to the earth. Clear skies and collected. Fogs of this nature are 
dry air are relatively essential to called radiation, or lowland, fogs, 
this process, since they permit rapid From a hilltop one may observe 
loss of heat from the earth. Windy “lakes” of fog, or patches of frost, 
nights are not conducive to surface occupying the surrounding depres- 
cooling, for there is a constant sions. As the sun rises, these lowland 
“churning” of the lower air so that fogs usually are quickly evaporated, 
it does not remain long enough in The famous London fogs are of this 
contact with the earth’s surface to be type, the chilled air collecting in the 
markedly cooled. Moreover, the cool- Thames lowland. Their darkness and 
ing is distributed throughout a larger persistence are a result of a "lid” of 
mass of air. It is a well-known fact smoke and soot which prevents the 
that both dew and frost are much penetration of sunlight which would 
more likely to occur on nights that cause evaporation of the moisture 
are clear and calm than on those particles. 

when the sky is overcast and a wind Dew. Dew is formed when water 
is blowing. vapor condenses on the earth's sur- 

F09. Condensation may take place face and the temperature is above 
throughout a shallow layer of surface 32°. Dew forms quickly on grass 
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mainly for two reasons: (1) Transpi¬ 
ration of water from the grass in¬ 
creases the relative humidity of the 
air near the ground, assuming a calm 
night. (2) The millions of blades of 
grass offer a tremendous surface from 



Fig. 66. The cold Labrador Current and rela¬ 
tively warm Gulf Stream are largely responsible 
for the dense fogs in the vicinity of Newfound¬ 
land. The Labrador Current carries icebergs 
south into the paths of ocean liners. Observe 
the location of the Bay of Fundy, noted for its 
extremely high tides. 

which heat is radiated, thus lower¬ 
ing the temperature below the dew 
point. 

Drops of water condensed on the 
outside of a pitcher of ice water illus¬ 
trate the formation of dew. The ap¬ 
proximate dew point of the air can 
be found by noting the temperature 
of the water inside the pitcher at the 
moment when condensation first be¬ 
gins on the outside surface. White 


frost is formed when condensation 
occurs below 32°. For the most part, 
frost consists of delicate ice crystals 
resulting from the direct change of 
water vapor to ice. A similar change 
at high altitudes causes the forma¬ 
tion of snow. There are times, on the 
earth’s surface, when the tempera¬ 
ture drops below 32° but does not 
reach the dew point, and no white 
frost appears. Nevertheless, a irost 
has occurred. This type is called a 
dry freeze . 

Moist air moving over cold surfaces. 

When moist air moves over cold sur¬ 
faces, relatively widespread, dense, 
and persistent fogs are produced. 
They are known as advection fogs 
(Fig. 62) and seriously hinder avia¬ 
tion. Especially in winter, moist air 
from the south may blow over the 
cold, often snow-covered land, result¬ 
ing in fog formation. 

The dense fogs along the Califor¬ 
nia coast are largely due to the chill¬ 
ing of moist ocean winds as they pass 
over a belt of upwelling, cold water 
near shore. Fogs over the Great Lakes 
often result, especially in spring, 
when warm winds from the land 
blow over the colder water. In the 
region of the Grand Banks off New¬ 
foundland, the Gulf Stream, a warm 
ocean current, comes near the cold 
Labrador Current. Extremely dense 
fogs result, as the relatively warm air 
from over the Gulf Stream drifts 
over the colder water of the Labra¬ 
dor Current (Fig. 66). Cool ocean 
currents along the coasts of Chile 
and southwest Africa are largely re¬ 
sponsible for fogs in those regions. 
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Cooling that results from expansion 
of air in rising currents. When air 
rises, no matter for what reason, it 
expands, because there is less pres¬ 
sure upon it at the higher altitudes. 
At 18,000 feet, pressure is about one- 
half that at sea level. As the air rises 
and expands, it cools at the rate of 
about 5%° per 1000 feet. This rate 
of cooling is much more rapid than 
that shown when a thermometer is 
carried upward through the atmos¬ 
phere (about 8 l />° per 1000 feet). 
When air descends, it is compressed 
by the denser, lower layers, and as a 
result its temperature increases. 

Ascending air currents expansion —> cooling 

Descending air currents —> compression —♦ 
warming 

Cooling air —► capacity for water vapor decreases 
—> condensation 

Warming air —► capacity for water vapor 
increases —» evaporation 

Heated air continues to rise until 
it reaches air layers of its own tem¬ 
perature and density. This process of 
cooling, by expansion of rising air 
currents, is the only one capable of 
reducing the temperature of great 
masses of air below the dew point, 
thereby causing condensation of wa¬ 
ter vapor on such a large scale that 
abundant precipitation results. As 
rir rises, it finally reaches an alti¬ 
tude where condensation of the water 
vapor present takes place, forming 
clouds (Figs. 67-73). 

A cloud consists of billions of tiny 
water particles, so light in weight 
that they are easily carried from place 


to place or from low to high altitudes 
by winds and air currents. Clouds 
often are composed of tiny ice crys¬ 
tals (snow) in winter and at high ele¬ 
vations in summer. Fog and cloud 
are identical except for differences in 
height above the ground. Not all 
clouds give rise to precipitation, but 
all precipitation has its origin in 
clouds and is the result of exagger¬ 
ated condensation processes taking 
place within them. 

Height of cloud base. Measure¬ 
ments have shown that rising air 
cools at the rate of 5 1 />°F per 1000 
feet, and that, in this rising air, the 
dew point drops 1°F per 1000 feet. 
With these figures, it is possible to 
estimate the height of the cumulus 
cloud base above the ground, when 
air is rising, by using the following 
equation: 


Height of cloud base = 
(in thousands of 
feet) 


temp — DP 
4^5 


Suppose that, on a day when up¬ 
drafts are causing clouds to form, 
the surface temperature is 80°F and 
the dew point is 62°F. What is the 
estimated height of the cloud base? 



= 4.0 thousand, or 4000 
feet 


Cloud particles and light rays. When 
light rays pass from air into water, 
they are reflected at the surface and 
refracted (bent) as they pass through. 
Thus the colors of the solar spectrum 
(violet, indigo, blue, green, yellow, 
orange, and red) are brought out by 
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Fig. 67. Cumulus and cumulonimbus clouds over reserve shale fields, western Colorado. ( Photo¬ 
graph by B. H. Wyatt, courtesy U. S. Weather Bureau.) 


the rainbow , caused by refraction 
and reflection of sunlight acting on 
multitudes of water particles in the 
air. The action of moonlight on wa¬ 
ter and ice particles in the upper air 
is responsible for the halo of the 
moon. Beautiful colors of sunrise 
and sunset are caused by the break¬ 
ing up of sunlight, not only by mois¬ 
ture but also by dust particles in the 
atmosphere. These colors are more 
brilliant in the morning and evening 
because there are far more dust and 
water particles between the eye and 
the sun at those times of day than, 
let us say, at noon. 

Cloud types. Three principal, or 
pure, cloud types are usually recog¬ 
nized. The other numerous types 
tfrat can be observed are modifica¬ 
tions or combinations of these. 

Cumulus clouds occur in fair 


weather. They are distinguished by 
flat bases and beautiful, towering, 
cauliflower tops. The flat bases mark 
the condensation level. 

Cumulus clouds are the result of 
vertically ascending air currents and 
are usually associated with local sur¬ 
face heating on warm summer days. 
Of course, convectional ascent does 
not take place over the entire heated 
surface. In some places warm air 
masses are rising; in others cooler air 
masses are settling to the earth. Thus, 
separate and isolated cumuli occur 
with patches of blue sky between. 

Sometimes on hot, humid days 
when convection is exceedingly well 
developed, the cumulus clouds may 
extend to great heights and develop 
into thunderheads. These overgrown 
cumulus, or cumulonimbus, clouds 
are the sources of many local thun- 
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Fig. 69. Altocumulus clouds, found at altitudes from 6500 to 20,000 feet. (Photograph by J. W . 
Johnson, courtesy U. S. Weather Bureau .) 
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derstorms and a considerable part of 
the earth’s rainfall. 

Cirrus clouds are also fair-weather 
clouds, although not infrequently 



Fig. 70. Cirrus clouds in parallel trails and small 
patches. (Courtesy U. S. Weather Bureau.) 


they may be forenmners of an ap¬ 
proaching storm. They occur at great 
altitudes (5 to 9 miles) where tem¬ 
peratures are usually well below 
freezing; hence, they are composed 
of minute ice crystals. Cirrus clouds 
assume various forms, sometimes ap¬ 
pearing like white ringlets, curls, or 
wisps of hair. At other times they 
seem to form an unbroken thin veil 
of fibrous texture over the whole sky. 
In the latter case they produce halos 
around the moon or sun. Never are 
they thick enough to produce shad¬ 
ows, so they always appear white. 

Stratus clouds are low-lying layers, 
or sheets, that form a dull, gray sky 


of uniform color. Often the gray ceil¬ 
ing stretches unbroken from horizon 
to horizon. 

Stratus clouds are relatively com¬ 
mon in winter, producing gray, de¬ 
pressing days. A common method of 
their origin is mixture along the con¬ 
tact plane between two masses of 
air of different temperatures. These 
clouds sometimes bring the ceiling 
(altitude of bottom side of cloud 
layer) for airplanes to within 100 or 
200 feet of the earth’s surface; and 
since they often cover such great 
areas, they are a serious hindrance 
to commercial aviation (Fig. 74). 



Fig. 71. Cirrocumulus clouds. These clouds some¬ 
times produce a "mackerel" sky. (Photograph 
by B. E . Barnard, courtesy U. S. Weather 
Bureau .) 

Stratus clouds from which rain or 
snow is falling are called nimbo- 
stratus . They sometimes are a mile 
thick. Occasionally airplanes encoun- 


Fig. 72. Stratus and stratocumulus clouds. Floating ice in foreground. (Co urtesy U. S. Weather 
Bureau.) 



Fig. 73. Stratocumulus clouds, following a thundershower, and obscuring the afternoon sun. 
(Courtesy U. S. Weather Bureau.) 
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Fig. 74. Average annual number of cloudy days. What localities are cloudiest? Where would 
you go if you were looking for a maximum amount of sunshine? (Courtesy U. S. Weather Bureau .) 


ter icing conditions in such clouds. FORMS OF PRECIPITATION 
Icing conditions, however, are not 

limited to any one cloud type. Rain, snow, and sleet. The com- 

The prefix alto- before any of the inonest form of precipitation is rain. 
foregoing names of clouds means As stated previously, it is the result 
higher than usual. Fracto- means of exaggerated condensation in rising 
broken up. Thus, a rather common air currents, at temperatures above 
cloud type is the fractocumulus. 32°, whereas snow forms at tempera- 


ClASSIFICATION OF CLOUDS ACCORDING TO HEIGHT 


Family 


High clouds 


Middle clouds 



Name 

Abbrevi¬ 

ation 

Cirrus 

Ci 

Cirrocumuius 

Cc 

Cirrostratus 

Cs 

Altocumulus 

Ac 

Altostratus 

As 

Stratocumulus 

Sc 

Stratus 

St 

Nimbostratus 

Ns 

Cumulus 

Cu 

Cumulonimbus 

Cb 


Average height 


Top: 20,000 ft 
Base: 6,500 ft 


Top: 6,500 ft 
Base: near surface 


Top: cirrus 
Base: 1,600 ft 
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tures below freezing. Sleet is frozen 
rain and results when raindrops from 
a warmer air mass above fall through 
a cold surface layer of air. It is char¬ 
acteristic of the cooler seasons. 

Glaze. The accumulation of a coat¬ 
ing of ice on objects near the earth, 
often called glaze , is really not a form 
of precipitation. Fortunately it is not 
of common occurrence, for the so- 
called “ice storm*’ that produces glaze 
is one of the most destructive of the 
cool-season types of weather. 

Glaze occurs when rain, near the 
freezing point, strikes surface objects 
whose temperatures are below 32° 
and is immediately converted into 
ice. So great may become the weight 
of the ice accumulation that trees are 
often wrecked and telephone, tele¬ 
graph, and electric wires broken and 
their posts snapped off (Fig. 76). 

A heavy coating of ice on an air¬ 
plane may make a forced landing 
necessary. Most commercial airplanes 
used for winter flying are equipped 
with “de-icers,” especially on the 
leading edge of the wing. To prevent 
a coating of ice from forming on 
the propeller, a thin spray of oil is 
thrown on the blades while in flight. 

Icing of aircraft results largely 
from supercooled water droplets in 
the air. These droplets, in the liquid 
form, may have a temperature as low 
as — 10°F, or even lower. They re¬ 
main in the liquid form so long as 
they are not disturbed. The impact 
of a fast airplane, of course, causes 
the droplet to change quickly to ice. 
Under such conditions, an airplane 


may “ice up” in a very few minutes 
(Fig. 77). 

Hail. The heaviest and largest unit 
of precipitation existing in solid 



Fig. 75. This rain gage records the time that 
rain falls. It also enables the meteorologist, to 
determine the amount of rain that falls during 
a storm. (Courtesy Friez Instrument Division, 
Bendix Aviation Corp .) 

form is hail. It is exclusively the 
product of vigorous convection, oc¬ 
curring in thunderstorms, which in 
turn usually belong to the warm sea¬ 
son. Hailstones are composed of con¬ 
centric layers, or shells, of clear ice 
and of partially melted and refrozen 
snow, representing the successive ver- 
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Fig. 76. After an-icestorm. The ice on these telephone wires weighed 800 pounds per wire between 
poles and was 3 inches in diameter. (Courtesy U. S. Weather Bureau.) 


tical descents and ascents in the tu¬ 
multuous convectional currents of a 
thunderstorm. 

Convectional precipitation. As a re¬ 
sult of heating, surface air expands 
and is forced to rise by the cooler, 
heavier air above and around it. 
Ordinarily such rising air, since it 
cools at nearly double the rate of 
the normal vertical temperature de¬ 
crease, will rise only a few thousand 
feet before its temperature has been 
reduced to the point where it is the 
same as that of the surrounding air. 
At that point where the rising air 
reaches air strata of its own tem¬ 
perature and density, further ascent 
ceases. But if abundant condensation 
begins before this stage is reached, 


then heat of condensation is released, 
so that, with this added source of 
energy, the rising air will be forced 
to ascend much higher before reach¬ 
ing atmospheric strata of its own 
temperature. Thus, on a hot, humid 
summer afternoon, when surface 
heating is intense and condensation 
abundant, the towering cumulonim¬ 
bus clouds resulting from convec¬ 
tional ascent may be several miles 
in vertical depth, and precipitation 
from them may be copious. 

Convectional ascent is usually as¬ 
sociated with the warm season of the 
year and the warm hours of the day. 
Since it is essentially a vertical move¬ 
ment of warm, humid air, cooling is 
rapid, and the rainfall resulting is 
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Fig. 77. This 20-passenger airplane encountered severe icing conditions while flying from Amarillo, 
Texas, to Kansas City, Missouri. One small window was kept free of ice by an alcohol spray. 
Picture was taken soon after the ship landed at Kansas City. Ice hinders the smooth flow of air 
over the airplane wing, and causes a loss of lift. Accumulation of ice in the carburetor may 
cause engine failure. If ice clogs the small tubes (pitot-static) leading to the air-speed indicator, 
this instrument will not function. The pilot is then minus a speedometer, which warns him when 
the airplane is slowing down and approaching the dangerous "stalling" speed. (Courtesy E. J. 
Minser, and Trans World Airline.) 


likely to be in the form of heavy 
showers. Because a cumulonimbus 
cloud usually covers only a relatively 
small area, it quickly drifts by, so 
that the associated shower is not of 
long duration. Such “dash” rains are 
“spotty” and are entirely unlike the 
general rains over large areas pro¬ 
duced by cool-weather lows, or cy¬ 
clones. 

Convectional rain, because it 
comes in the form of heavy showers, 
is less effective for crop growth, since 
much of it instead of entering the 
soil runs off in the form of surface 


drainage. This is a genuine men¬ 
ace to plowed fields. Soil removal 
through slope wash and gullying is 
likely to be serious. On the other 
hand, for the middle and higher lati¬ 
tudes, convectional rain, since it oc¬ 
curs in the warm season of the year 
when vegetation is active and crops 
are growing, comes at the most stra¬ 
tegic time. Moreover, it provides the 
maximum rainfall with the mini¬ 
mum amount of cloudiness. 

Orographic precipitation. Air also 
may be forced to rise when landform 
barriers, such as mountain ranges, 
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Fig. 78. A wedge of cold air undermining and uplifting a mass of warm air. Sometimes the lifting 
is very rapid, causing thunderstorms. At other times it is slow, causing layers of stratus clouds 
to develop. 


plateau escarpments, or even high 
hills, lie across the paths of winds. 
Since water vapor is largely confined 
to the lower layers of atmosphere 
and rapidly decreases in amount up¬ 
ward, heavy orographic rainfall is 
the result of such forced ascent of air, 
associated with the blocking effect of 
landform obstacles. Witness, for ex¬ 
ample, the abundant precipitation 
along the western, or windward, 
flanks of the Cascade Mountains in 
Washington and Oregon, along parts 
of the precipitous east coast of Brazil 
which lies in the southeast trades, or 
along the abrupt west coast of India 
which the summer monsoon meets 
at practically right angles. The lee¬ 
ward sides of such mountain barriers, 
where the air is descending and 
warming, are characteristically drier. 
This arid to semiarid side of a moun¬ 
tain range is called the rain shadow . 

The most ideal condition for pro¬ 
ducing heavy orographic rainfall 
is a high and relatively continuous 
mountain barrier lying close to a 
coast, and the winds from off a warm 
ocean meet the barrier at right 
angles. Orographic rains have less 


seasonal and daily periodicity than 
do those of convectional origin. In 
monsoon regions, very naturally, the 
maximum is at the time when air is 
moving from sea to land, usually 
high sun, or summer. In other re¬ 
gions the strength of the winds, the 
angle at which they meet the moun¬ 
tain barrier, or the contrast between 
land and water temperatures may 
determine the season of maximum 
orographic rainfall. 

Cyclonic precipitation. In low-pres¬ 
sure storms (cyclones), winds from 
various directions, and consequently 
of different temperatures and densi¬ 
ties, tend to come together about a 
center of low barometric pressure 
(see Chapter 5). As a result of such 
movement, great volumes of air are 
lifted and cooled. When a warm 
tropical air mass moves toward a 
colder polar air mass, the warmer, 
lighter air will be lifted by the cooler, 
heavier air. Unlike convectional as¬ 
cent, which involves direct vertical 
lifting, the warmer air in cyclones 
more often rises obliquely and, there¬ 
fore, slowly along mildly inclined 
surfaces of cold, dense air. As a con- 
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Fig. 80. Average annual snowfall in inches. Note the heavy snowfall in mountains, and in the 
Great Lakes-New England area. At Vanceboro, Maine, 96 inches of snow fell in a 4-day storm. 
The greatest snowfall for an entire winter was 73 feet, at Tamarack, California, 1906-1907. 
(Courtesy U. S. Weather Bureau.) 


sequence, cooling is less rapid (Fig. 
78). As a result of the slower ascent 
and cooling, precipitation in cyclones 
is characteristically less violent than 
in thunderstorms and is inclined to 
be steadier and longer continued. 

The dull, gray, overcast skies and 
drizzly precipitation of the cooler 
months in middle latitudes, produc¬ 
ing some of the most unpleasant 
weather of those seasons, are usu¬ 
ally associated with cyclones. These 
storms are most numerous and best 
developed during the cool season. 
Where they dominate weather con¬ 
ditions, therefore, they tend to pro¬ 
duce more rain in autumn or winter 
than in summer. Most of the winter 
precipitation of lowlands in the mid¬ 
dle latitudes is cyclonic in origin. In 


the tropics, as well as in the middle 
latitudes, cyclones are important gen¬ 
erators of precipitation, although the 
storms of low latitudes are of a dif¬ 
ferent origin and their rainfall may 
be likewise. 

Important precipitation data. At 

least three items concerning precipi¬ 
tation of a region are of outstanding 
importance: (1) its total average 
amount or depth for the year (Figs. 
79, 80); (2) its seasonal distribution; 
and (3) its dependability, both an¬ 
nual and seasonal. 

The total annual amount of rain 
is important, and seasonal distribu¬ 
tion is equally so. Omaha, Nebraska, 
receives 30 inches of rainfall annu¬ 
ally. During the months from May to 
August, inclusive, the rainfall is 17.4 
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inches (57 percent). Only 3.3 inches 
(11 percent) of rain falls during the 
period November to February, in¬ 
clusive. The fact that the greatest 
part of the precipitation occurs dur¬ 
ing the growing (warm) months is 
extremely important from the stand¬ 
point of the production of economic 
crops. Variability in the total amount 
of precipitation from year to year (its 
dependability) is hardly of less im¬ 
portance, especially for regions that 
are normally subhumid. It is a gen¬ 
eral rule that variability increases as 
the amount of rainfall decreases . 

SUMMARY 

The ratio of absolute humidity to 
capacity, expressed in percentage, is 
called relative humidity. When air is 
warmed, its capacity to hold water 
vapor increases. On the other hand, 


if air is cooled below the dew point, 
water vapor condenses into such 
forms as clouds, fog, dew, and frost. 

The lifting of great masses of air 
causes condensation of water vapor 
on a large scale. This in turn brings 
about the precipitation so necessary 
to the growth of vegetation. Based on 
origin, there are three types of pre¬ 
cipitation: convectional, orographic, 
and cyclonic. Annual rainfall and 
seasonal distribution are extremely 
important factors in the production 
of economic crops. 

In Chapters 2, 3, and 4, we have 
studied the temperature, pressure, 
and moisture of the atmosphere. All 
these are involved in great disturb¬ 
ances of the air, which go by the gen¬ 
eral name of storms. Chapter 5 deals 
with the subject of storms, the paths 
that they follow, and the changes in 
weather that they bring. 


QUESTIONS 

1. State four ways in which water vapor in the air is of considerable 
importance. 

2. What is the primary source of water vapor in the air? 

3. What is evaporation? What factors determine the rate of evaporation? 

4. What is condensation? Is it caused by heating or cooling of the air? 

5. What is sublimation? Give an example. 

6. What is a calory? How many calories are required to change 1 g 
of ice into water at 32°? to change water into water vapor at the same tem¬ 
perature? 

7. Give one reason why water bodies heat slowly. 

8. What is latent heat of condensation? How does it affect the intensity 
of a storm? Why? 

9. Suppose the dry-bulb temperature is 80°F and the wet-bulb is 74°F. 
What is the relative humidity? the dew point? 

10. What is capacity? saturated air? Which is heavier, air or water vapor? 
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11. What is absolute humidity? Which ordinarily has greater absolute 
humidity, a tropical or a polar air mass? Why? 

12. On the average, when would you expect relative humidity to be lower, 
at noon or at midnight? Why? 

13. What is relative humidity? If absolute humidity remains the same, 
what happens to relative humidity when temperature increases? decreases? 

14. What is dew point? What is the dew point of air at 70° that has an 
AH of 4.1 grains per cubic foot? 

15. How much water vapor is condensed when 100 cu ft of saturated air 
is cooled from 80° to 40°? 

16. Air at 100° has a RH of 10 percent. What is AH? the dew point? 

17. Air at 80° has a RH of 50 percent. What is the dew point? 

18. Certain air at 90° has AH of 3.35. What is RH? 

19. If AH = 2 and RH = 25 percent, what is C? What is the temperature? 

20. Outdoor air at 40° with RH of 70 percent is brought indoors and 
heated to 70° with no water vapor added. What is RH indoors? 

21. A theater brings indoors 100,000 cu ft of air at 90° with RH of 80 
percent. This air is cooled to 70° with RH of 50 percent. How much water 
is condensed? (7000 grains = 1 lb) 

22. Why is dry air indoors in winter possibly detrimental to health? 

23. How can moisture be added to air indoors in winter? 

24. Define specific humidity. If capacity of air is 28 g/kg and specific 
humidity is 12 g/kg, what is relative humidity? 

25. According to Fig. 64, which state has the lowest relative humidity in 
July? which the highest? 

26. Why do we feel uncomfortable on hot, humid days? 

27. What is air-conditioning? What processes are involved? 

28. Which has a lower dew point, moist or dry air? Why? 

29. Why might it be wise for an airplane pilot to postpone a flight when 
he learns that temperature and dew point are close together? 

30. Why is dew (or frost) more likely to form on clear, calm nights than 
on cloudy, windy nights? 

31. Why do we often see “lakes” of fog in low places? 

32. What is dew? Why does it form quickly on grass? 

33. What is frost? Is most frost frozen dew? 

34. Differentiate between radiation and advection fogs. 

35. What causes the dense fogs in our central states in winter? on the 
coast of California? around Newfoundland? 

36. According to Fig. 65, which is more foggy, southern Florida or south¬ 
ern California? the Rockies or the Appalachians? 

37. What is the principal cause of abundant precipitation? 

38. What is a cloud? 
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39. Clouds and fog differ in what respect? 

40. If on a warm day, when rising air currents cause cumulus clouds to 
form, the temperature is 86°F and dew point 58°F, what is the altitude of 
the cloud base? 

41. What causes a rainbow? a halo of the moon? the colors of sunrise 
and sunset? 

42. What are the three principal types of clouds? Describe each. 

43. Which cloud type is the source of a thunderstorm? 

44. Which is the highest cloud type? the lowest? 

45. Why are stratus clouds a hindrance to aviation, probably more than 
any other type? 

46. What is meant by the cloud prefix alto-? by fracto-? 

47. What is sleet? glaze? hail? 

48. According to Fig. 74, which states have most sunshine? Which are 
cloudiest? 

49. Why are supercooled water droplets in the air a source of trouble 
for airplanes? 

50. Explain the cause of convectional rain. What are some objections to 
this type of rain? 

51. Explain the cause of orographic rain. Mention a few exact locations 
where such rain occurs. 

52. What is a rain shadow? Give an example. 

53. What are the ideal conditions that produce heavy orographic rain? 

54. Explain the cause of cyclonic precipitation. Why is it usually less 
violent than convectional? 

55. What precipitation data are important? 

56. Study Fig. 79. Does rainfall decrease or increase from Mobile, Ala¬ 
bama, to Chicago, Illinois? from Iowa to Wyoming? Name five states that 
have deserts. 

57. Study Fig. 80. What is the average annual snowfall in northern New 
York? in Kansas? in Corpus Christi, Texas? in Los Angeles? in the Cascade 
Mountains? 

SUGGESTED ACTIVITIES 

1. Using the wet- and dry-bulb method, test relative humidity of the air 
every hour of the day, outdoors and indoors. Plot curves to show results. 
Repeat during the various seasons of the year. 

2. Observe a hygrograph, if one is available. It records relative humidity 
on graph paper. Most hygrographs operate for a week at a time. The hygro¬ 
graph curve shows clearly the change in relative humidity during day and 
night and the difference in moisture content of the air during rainy spells 
and dry weather. 
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3. Determine the dew point of air, indoors and outdoors. Explain the 
difference, if any. 

4. If possible, visit a Weather Bureau station, and observe the instru¬ 
ments for measuring and recording rain and snow. Note also the caie with 
which all data are recorded. 

5. If possible, visit an airport. Make inquiry concerning ice formation 
on airplanes and methods of prevention. 

6. Using a triangular glass prism, observe the colors of the solar spec¬ 
trum. Note these colors also in a rainbow, when visible. 

7. Study the operation of a hair hygrometer, if one is available. 

8. Construct or purchase a rain gage. Send to U. S. Weather Bureau, 
Washington, D. C., for bulletin on meteorological instruments. Secure cata¬ 
logs from manufacturers, giving descriptions and prices of instruments. 

9. Keep a daily record of cloud types and rainfall. 

10. Using climatic data available, plot relative humidity and rainfall 
curves for selected places. 

Note: Ollier activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 


1. Air-Conditioning 

2. Methods of Testing Air for Relative Humidity 

3. Variation in Relative Humidity over the United States 

4. Clouds and Their Meaning 

5. Measuring Rain and Snow 

6. Methods of Determining the Dew Point 

7. Variations in Annual Rainfall in Your Home Community during the 
Past 20 Years 

8. The Quantity of Rain Needed for Certain Economic Crops 

9. Examples of Orographic Rain and Rain Shadow 

10. Contrasting Rainfall Distribution over North and South America 
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CHAPTER 5. 


Storms and Their 


Weather Types 


The coming and going of a big thun¬ 
derstorm is often a fascinating sight, 
if we were to take note of the storm’s 
behavior, we should find that the 
sequence of events is about as fol¬ 
lows: 

On a quiet, hot, humid morning 
fleecy cirrus clouds are visible in the 
sky. The barometer shows a slight, 
steady drop. There is a high degree 
of humidity, and gradually the heat 
becomes more intense. The rapid 
rising of the warm, moist air causes 
great cumulus clouds to appear in 
the west. As these clouds approach, 
they darken to cumulonimbus and 
are churned and tossed about by high 
winds. A flash of lightning produces 
a loud clap of thunder. Suddenly, a 
brisk, cool breeze starts blowing. This 
cool air causes the barometer to rise 
quickly. 

Now huge clouds obscure the 
sun. There are vivid flashes of light¬ 
ning, followed by peals of thunder. 
An enormous amount of energy is 
being released in the atmosphere. 
Rain is falling in great sheets, and 
for a few minutes small hailstones 
patter against the window. The 


downpour continues for perhaps an 
hour. During this time the lightning 
and thunder become less and less fre¬ 
quent. Finally the sky clears in the 
west, as the storm retreats toward the 
east. A cool breeze begins blowing 
from the northwest, and the drop in 
temperature is noticeable. We look 
at the barograph and notice that the 
passing of the storm has produced a 
jagged appearance in the pressure 
curve traced by this instrument. 

Such storms as the one just de¬ 
scribed occur during the warm 
months over much of the United 
States. In connection with the pre¬ 
ceding description, certain things 
should be recalled: 

1) Convection currents produce 
cumulus clouds. 

2) Condensation within the storm 
liberates latent, or stored-up, heat, 
increasing the strength of rising air 
currents and the intensity of the 
storm. 

3) The coming and going of the 
storm cause changes in wind direc¬ 
tion and air pressure. 

The torrential rain may cause con¬ 
siderable soil wash, but the mois- 
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ture is welcomed by growing crops. 
Storms are the earth's principal 
generators of precipitation. Without 
them, the great lowlands of the earth 
ivould he far less habitable than un¬ 
der existing conditions. 

The present chapter deals with 
storms. It is concerned mainly with 
the nonviolent cyclones and anticy¬ 
clones of the middle latitudes, or 
intermediate zones; and to a lesser 
extent with thunderstorms, torna¬ 
does, and tropical storms. 

MIDDLE-LATITUDE CYCLONES 
AND ANTICYCLONES 

As we have already said, cyclones 
are characterized by low barometric 
pressure and commonly go by the 
name of lows . Anticyclones are char¬ 
acterized by high pressure and are 
called highs. The cyclone, therefore, 
must consist largely of a mass of rela¬ 
tively light air, and the anticyclone 
of heavier air. This difference in 
weight, or pressure, is not notice¬ 
able except by watching the changes 
in a barometer or barograph. A 
low barometer indicates cyclonic 
weather; a high barometer, anticy- 
donic weather. Since these disturb¬ 
ances occur within the belt of west¬ 
erly winds, they are best known in 
those latitudes between parallels 35 
and 65 in both Northern and South¬ 
ern hemispheres. Cyclones and anti¬ 
cyclones are not violent atmospheric 
disturbances as are tornadoes and 
hurricanes. 

Appearance and pressure. On the 

daily weather map, these storms are 


shown by a number of oval-shaped 
or circular isobars drawn around a 
point of low pressure. In the center 
of the cyclone the word low indicates 
the region of lowest pressure. From 
the center toward the margins the 
pressure increases . In the center of 
an anticyclone the word high indi¬ 
cates the region of highest pressure. 
From the center toward the margins, 
the pressure decreases. 

On the weather map all pressure 
readings are reduced to sea level by 
adding approximately 1 inch for 
each 1000 feet above sea level. At a 
place 5000 feet above sea level, about 
5 inches would be added to the local 
barometer reading in transferring 
the pressure to the weather map. 
The isobars are drawn for each 3 
millibars of pressure. 

In the autumn, winter, and spring, 
the pressure in the center of a cy¬ 
clone may be 15 millibars or more 
below normal (1013 millibars); and 
in the center of an anticyclone, 15 
millibars or more above normal. In 
well-developed storms the difference 
in pressure between the high and the 
low may be more than 30 millibars. 

A general rule is that both cyclones 
and anticyclones are less well devel¬ 
oped, have smaller differences in 
pressure and weaker pressure gradi¬ 
ents, and travel at slower speeds in 
summer than in winter. Cyclones 
are extensive, rather than intensive, 
storms. In some cases they are 1000 
miles or more in diameter. In cy¬ 
clones with oval-shaped isobars, the 
north-south distance across the storm 
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Fig. 81. The tracks of cyclonic storms shown here are much generalized. (Modified from Knight.) 


frequently is greater than the east- 
west. 

Direction and rate of movement. 

Lows and highs travel in general 
toward the east, carried along by the 
upper-air system of westerly winds 
in which they exist. This is not to 
say, however, that they always travel 
due east. Certain paths are followed 
more frequently than others (Fig. 
81). It is evident that in forecasting 
weather one should observe storm 
developments to the west and not to 
the east of a given place. Those 
storms to the east have already gone 
by; those to the west are approach¬ 
ing. 

Lows and highs sometimes vary 
considerably in the speed at which 
they move across the country. 
Changes in speed and direction may 
account for failure in forecasting. In 
the United States, lows move across 
the country at an average speed of 
20 miles per hour in summer and 
30 miles per hour in winter. Highs 
usually move more slowly than lows. 
In summer, the intensity of highs 


and lows is greatly reduced. As a 
consequence, warm-season weather is 
less changeable, and atmospheric dis¬ 
turbances are less violent. In winter, 
a well-developed low usually crosses 
the United States in 3 to 5 days. 

Wind system of a cyclone. Air flows 
from high to low pressure. Since the 
lowest pressure is in the center of a 
cyclone, it is evident that winds will 
blow toward that center. As air 
masses of contrasting origins, tem¬ 
perature, and humidity move toward 
the center of a low, the warmer and 
more humid air is lifted, sliding up¬ 
ward over cooler or drier air. This 
lifting of humid air usually results in 
the formation of clouds from which 
rain or snow may fall. 

Surface winds blow counterclock¬ 
wise toward the center of a low . On 
the east side, or front, of a storm, 
the winds blow mainly from easterly 
points. On the west side, or rear, of 
the storm the wind directions are 
westerly. Southeast and south winds 
prevail in the southeast quadrant 
(Fig. 82). These ^winds in central or 










102 


THE EARTH AND ITS RESOURCES 


eastern United States are likely to be 
mild and humid, since they may 
come from the Gulf of Mexico or the 
Atlantic Ocean. They are thus valu¬ 
able importers of much needed mois¬ 
ture. 



Fig. 82. A cyclone, or low, as it often appears 
on the daily weather map. Arrows fly with the 
wind. Note that south-southeast winds prevail 
in the southeast quadrant, northwest winds in 
the northwest quadrant, and east-northeast 
winds in the northeast quadrant. The advanc¬ 
ing cold front, which causes a wind shift from 
south-southeast to northwest, is shown in the 
southwest quadrant. Along the cold front un¬ 
settled weather, rain, snow, and sometimes 
severe thunderstorms are most likely to occur. 

Northwest wind prevails in the 
northwest quadrant of the storm. 
This wind often comes from western 
or central Canada and is cooler and 
drier than the southeast and south 
winds. In winter, the northerly winds 
often are bitterly cold. 

The cyclone, then, is a meeting 
place of contrasting air masses. Thus 
a mild, humid air mass arrives from 
warmer latitudes on the front and 


equatorward sides of the storm. A 
colder, drier, and heavier air mass 
arrives from higher latitudes on the 
rear and poleward sides. 

Wind shift with the passing of a 
cyclone. When the center of a cyclone 
is west of an observer, he will experi¬ 
ence general easterly winds. As the 
center passes and the observer finds 
himself in the west side, or rear, of 
the cyclone, he will note mainly 
northwest or west winds. Easterly 
surface winds, therefore, often indi¬ 
cate the approach of a cyclone with 
its accompanying clouds and rain. 
Westerly surface winds more often 
foretell the retreat of the storm center 
toward the east and the coming of 
clearing weather as an anticyclone 
moves in from a westerly direction. 

In most storms the shift from east¬ 
erly to westerly winds is rather grad¬ 
ual. In some, however, the wind shift 
is very abrupt. Especially is this true 
where isobars south of the storm 
center tend to take the form of a 
letter V pointing toward the south 
or southwest (Fig. 85). In such a low, 
an irregular line extending usually 
from the center toward the south¬ 
west is called the wind-shift line. 
Along this line, the wind is in the 
process of shifting from southerly to 
northerly points. 

The wind-shift line is also known 
as the surface cold front, since it 
marks the front edge of the cool or 
cold polar air mass which is advanc¬ 
ing toward the south and east. This 
cold air mass, being relatively denser, 
undermines and forces upward the 
warmer and more humid air masses 
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that it encounters. Along the wind- 
shift line of such a cyclone, therefore, 
violent atmospheric disturbances may 
occur. These often include a sharp 
drop in temperature as the wind 
suddenly changes from southeast to 
northwest, accompanied by rain or 
snow and, in warm seasons, thunder¬ 
storms. 

Wind system of an anticyclone. 

Winds blow clockwise from the cen¬ 
ter of an anticyclone, or high (Fig. 
83). Cooler, heavier air evidently set¬ 
tles to the earth at the center. To the 
east of the center, therefore, winds 
blow in general from westerly direc¬ 
tions. To the west of the center, they 
blow from easterly directions. The 
center of an anticyclone often brings 
relatively calm and fair weather. 

Cyclones and anticyclones follow 
one another in a sort of parade across 
the United States, resulting in many 
and varied changes in weather. The 
northwest wind to the south and east 
of a high that is centered in western 
Canada may bring a severe cold wave 
or blizzard to central and eastern 
United States. At such times the cold 
polar air mass may move as far south 
as the Gulf states, causing consid¬ 
erable suffering among people and 
livestock (Fig. 84). 

Subsidence. The settling or slow 
descending of air to the earth's sur¬ 
face at the center of an anticyclone is 
called subsidence . This settling of air 
generally is associated with (1) low 
temperature, (2) high barometer, (S) 
calm or weak winds, (4) low humid¬ 
ity, (5) fair weather, and (6) temper¬ 
ature inversions, especially at high 


levels. As air settles to lower eleva¬ 
tions, its temperature and capacity 
for water vapor increase. This is the 
opposite of rising air. The huge sub¬ 
tropical high-pressure cells over the 
oceans (horse latitudes) are charac- 



Fig. 83. An anticyclone, or high. Diameter of 
outside isobar may be 1000 miles or more. Note 
that northeast winds and nimbostratus clouds 
with rain or snow are characteristic of the 
southwest quadrant. Note also the clockwise, 
outward circulation of the surface winds. 

terized by subsidence, fair weather, 
and very little precipitation. 

Precipitation in cyclones and anti¬ 
cyclones. In general, cyclones bring 
unsettled weather with rain or snow, 
and anticyclones bring fair or partly 
cloudy weather. Precipitation is more 
likely to occur in the cyclone, be¬ 
cause it is a region where unlike air 
masses come together. The warmer 
and more humid air masses are lifted 
by the colder and denser ones, so that 
cooling and condensation of water 
vapor are likely to result. Not every 
cyclone is accompanied by precipita¬ 
tion, because absolute humidity of 
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Fig. 84. Daily weather map. The large anticyclone, or high, was caused by a continental polar 
(cP) air mass which moved from western Canada to the Gulf of Mexico. St. Joseph, Missouri, had 
a minimum temperature of 21° below zero, and Galveston, Texas, 15° above zero. Ten inches 
of snow fell at Birmingham, Alabama, and at Atlanta, Georgia; snow was also reported at San 
Antonio, Texas. Note that isobars are numbered in millibars. Three millibars is equivalent to 
about Yi o inch on the mercury barometer. (Courtesy U. S, Weather Bureau.) 


the air may be too low and there may 
not be sufficient lifting of the air to 
cause it to reach the condensation 
level. 

Precipitation over the lowlands of 
the United States in the cool months 
is largely cyclonic in origin. In the 
summer months the heat increases the 
strength of rising air currents, and 
convectional rainfall results. Thun¬ 
derstorms bring heavy “dash” rains 
of short duration. Cyclonic rainfall, 
on the other hand, tends to be light 
and steady, lasting for hours, some¬ 
times days, and often covering con¬ 


siderable areas. This results from 
the slow lifting of warm, humid air 
masses by undermining cooler air 
(Fig. 78). Such lifting is much less 
rapid than that caused by strong con¬ 
vection currents in thunderstorms. 

The steady cyclonic rain is bene¬ 
ficial in that much of it seeps into 
the ground. On the other hand, a 
considerable part of thunderstorm 
downpour disappears by rapid sur¬ 
face runoff. Especially in freshly 
plowed fields, this causes disastrous 
soil erosion. 

Cyclonic weather is often charac- 
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Fig. 85. A portion of a weather map, much simplified, for a day in December. Make a chart 
giving the temperature, dew point, visibility, wind direction, and wind velocity at Detroit, Chicago, 
Duluth, and Fargo. What would be the forecast for Chicago? for Duluth? What is the barometric 
pressure at Detroit? Is the barometer rising or falling? 


terized by chilly, gray, overcast days 
with long-continued, light rains, 
sometimes called drizzles. Such 
weather is ideal for hay and pasture 
crops but less so for corn, which 
benefits from sunshine and high tem¬ 
peratures. 

Violent rainfall may occur along 
the cold front. Here a warm air mass 
from the subtropics may be lifted 
suddenly by a cold polar air mass 
arriving from high latitudes. In the 
warmer seasons such violent uplifts 
may cause severe thunderstorms. 

Tamparatures in anticyclones. In 
winter a well-developed high ad¬ 
vances toward the east and southeast. 


It is a mass of continental polar air 
from northern and western Canada. 
Its temperature is so low that it 
brings a cold wave to central and 
eastern United States (Figs. 85, 86, 
87). In such highs the temperature 
ranges from 0° to 20° or 30° below. 
If accompanied by high winds and 
snow, a blizzard is the result. For 
example, the weather map in Fig. 84 
shows a high over the entire Middle 
West. The cold wave produced at 
this time proved to be one of the 
most prolonged in the history of the 
Weather Bureau. In summer, a simi¬ 
lar high brings a few days of rela¬ 
tively cool, delightful weather. 
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Fig. 86. A portion of a weather map for a day in April. Note the anticyclone (high) entering 
northern California from the Pacific Ocean, bringing fair weather to the coastal states. What is 
the temperature at Tuscon, Arizona? at Helena, Montana? at San Francisco, California? What 
are the wind direction qnd velocity at Amarillo, Texas? at Salt Lake City, Utah? at Reno, Nevada? 
at Portland, Oregon? at Pueblo, Colorado? What is the dew point at Cheyenne, Wyoming? at 
Omaha, Nebraska? What is meant by the letters mPk? 

Occasionally in summer a high de- tions of the corn plant turn to a 
velops over the southern states, and yellowish-brown color, 
a slow-moving low travels along the Temperatures in cyclones. Severe 
Canadian border (Fig. 88). A hot contrasts in temperature often occur 

wave results from the hot, dry south within a cyclone area. In the southl¬ 
and southeast winds that blow for east quadrant of a low the tempera- 

several days from the high to the ture is usually relatively high as the 

low. Prolonged periods of such dry result of southeast and south winds, 

weather are called drouths . At such In the northwest quadrant, lower 

times evaporation of moisture from temperatures are due to northwest 

soil and growing crops is tremen- winds. The front, or east half, of the 

dous. Pastures dry up, and corn cyclone is generally a region of 

“fires,” meaning that the lower por- higher temperatures than the rear, 
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Fig. 87. A winter anticyclone advancing south¬ 
eastward as a mass of cold continental polar 
air. 



Fig. 88. A relatively stagnant anticyclone over 
southeastern United States, producing unsea¬ 
sonably warm weather over the central and 
eastern parts of the country. 

or west half (Figs. 82, 85). This is 
because the southerly winds import 
warmth from lower latitudes. In 
winter, in central and eastern United 
States, the temperature in the south¬ 
east quadrant of a low may be 50°; 
in the northwest quadrant it may be 
zero or below. 

As the storm center passes, a sud¬ 
den drop in temperature of some 40° 


or 50° may occur. The warm air of 
the southeast quadrant is usually hu¬ 
mid. In summer it produces “sticky, 
muggy weather.” In the northeast 
quadrant, where northeast winds 
often prevail, temperatures are usu¬ 
ally lower than in the southeast 
quadrant. In winter the drop in 
temperature caused by the advancing 
cold front may cause rain to change 
to snow. 

Sometimes in the colder months 
the cloud cover that accompanies a 
low often results in temperatures 
above normal. This is because the 
clouds prevent rapid radiation of 






Pressure^? —^ 
Temperaturej / 

: Arrival of co/d front 
with wind shift from 
SftoAitV 

Af)° - 

! Approach of storm | 

Retreat of storm 


Fig. 89. Behavior of temperature and pressure 
during the approach and retreat of a low. As 
the storm approaches from the west, tempera¬ 
ture rises and pressure falls. The arrival of the 
cold front causes a sharp drop in temperature 
and a rise in pressure. The temperature curve 
is made by a thermograph, or self-recording 
thermometer. The pressure curve is made by a 
barograph, or self-recording barometer. 



Fig. 90. Weather map symbols for warm and 
cold fronts. Arrows indicate direction of move¬ 
ment. 
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heat from the earth at night. A simi¬ 
lar cloud cover in summer may pro¬ 
duce temperatures below normal, be¬ 
cause the clouds tend to weaken in¬ 
coming solar radiation. 

As a low approaches from the 
west, the warmer, lighter air mass 
in the southeast quadrant causes the 
barometer to fall steadily. When the 
storm center has passed, the cooler 


or colder denser air mass (northwest 
or west winds) in the west quadrants 
causes the barometer to rise (Fig. 89). 

Fronts. In our discussion so far, 
frequent mention has been made of 
“fronts.” The two principal kinds of 
fronts are warm and cold. On the 
daily weather map, these are indi¬ 
cated as shown in Fig. 90. 

Figures 91 and 92 illustrate verti- 


Warm air 



* V777777777777777777$P^ ^* 


W^^7777777777777777777777^ 
VERTICAL SECTION OF STORM ALONG AB BELOW 




VERTICAL SECTION OF STORM ALONG CO ABOVE 

Fig. 91. The cyclone model. Ground plan and vertical sections of a fully developed wave cyclone. 
cP means continental polar air. mT means maritime tropical air moving northward from the Gulf 
of Mexico. (From "An Introduction to Weather and Climate, u by G. T. Trewartha, McGraw-Hill 
Book Co.) 
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Steep cold front produces thunderstorms. Along the more gentle slope of the warm front, rain may fall from nimbostratus clouds. The 
center of the cold air mass may be characterized by clear skies or scattered cumulus clouds. 
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Fig. 93. Solid lines show principal tracks of cyclones as they cross the United States; broken lines 
are principal tracks of anticyclones. Anticyclones that move southeast from western Canada some¬ 
times bring extremely cold weather in winter; those from the western states bring moderately 
cold or cool weather. (After map by U. S. Weather Bureau.) 


c:al cross sections of the air masses 
associated with warm and cold fronts. 
As a mass of cold air moves from 
west to east, its front or eastern edge 
is the cold front. The rear or western 
edge is the warm front. Along both 
fronts, air is lifted and precipitation 
may result. 

In general, the slope of the cold 
front is steeper than that of the warm 
front (Fig. 92). The cold front brings 
colder weather; the warm front 
brings warmer weather and generally 
higher humidity. Numerous observa¬ 
tions reveal also that cold fronts 
often travel faster than warm fronts. 
If a cold front overtakes a warm 
front, the warm air between the two 


“wedges” is uplifted. This is called 
an occlusion. 

Paths of cyclonic storms. Cyclones, 
or lows, tend to follow certain paths, 
or tracks, more frequently than 
others. In North America more lows 
move eastward along the Alberta and 
North Pacific tracks than along any 
others (Fig. 93). In the cool seasons, 
lows follow paths farther south, for 
example, the South Pacific. Storms 
that follow this path sometimes bring 
prolonged rains or heavy snows. 
Other paths, frequented especially in 
winter, extend from Texas and Flor¬ 
ida northward along the Atlantic 
coast. 

In Europe, lows follow mainly a 
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path across the British Isles and 
northern Germany. In winter they 
sometimes travel farther south, cross¬ 
ing Mediterranean countries. 

In the Southern Hemisphere, lows 
are energetic throughout the year. 
They travel eastward, following 
paths located for the most part be¬ 
tween the parallels 40°S and 60°S. 
The Cape Horn region of South 
America, extending as it does nearly 
to latitude 55°S, is a stormy area at 
all times of the year. 

WEATHER-FORECASTING 

Daily weather map. At 1:30 A.M., 
7:30 a.m., 1:30 p.m., and 7:30 p.m., 
EST, the condition of the weather 


is recorded at some 300 stations scat¬ 
tered over North America. This in¬ 
formation is transmitted by tele¬ 
graph and teletype to all parts of the 
United States and much of Canada. 
Trained men assemble the data on a 
large map, locate the highs and lows 
and the warm and cold fronts, draw 
die isobars, and label the air masses 
(Fig. 94). The result is the com¬ 
pleted daily weather map (see Ap¬ 
pendix C). 

The official forecaster studies this 
map and tries to picture the changes 
in positions of storm centers and 
fronts during the next 24 to 36 hours 
and the effects that these changes 
will have on the weather in his own 
local district. Since weather condi- 


Weather Symbols 
OO Haze 
— Fog 

£) Signs of tropical storm 
Dust or sand storm 
9 9 , Continuous moderate drizzle 

• Intermittent moderate rain 

# 

Continuous heavy snow in 
flakes 

Showers of heavy rain 
© Thunderstorm 


Cloud Symbols 
Cumulus of fine weather 

— Layer of stratus or strato- 
cumulus 

— — — Low broken-up clouds of bad 
weather 

2 Cumulonimbus 
^ Typical altostratus, thin 

r Veil of cirrostratus covering 
the whole sky 


COMPLETE U.S. MODEL 


Wind force (Beaufbrt S) . 

Surface wind direction (NW) — 

Amount of sky covered with clouds'^ 
Temperature in degrees F —'% x 
Visibility (miles and tenths)--.. '*‘31 — 

Dew point in degrees . #*i®+28 

State of weather symbol... '*‘30 . * 

Lower clouds —--- 

Ceiling in hundreds of feet —. 


•• Higher clouds 

- Middle clouds and direction 

■•Pressure in millibars 

,■ Pressure change and amount 

/ Past weather 

•, Time of precipitation (code) 

' Amount of lowest clouds (code) 
. Precipitation in inches 


Fig. 94. Weather symbols and cloud symbols used on the daily weather map. Also the complete 
station model for showing weather conditions at a given place. 
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tions differ in different localities, it 
stands to reason that a forecaster s 
accuracy should increase the longer 
he is stationed at one city. Regional 
experience is the best teacher. 

Certain rules and types of weather 
maps should be mentioned with ref¬ 
erence to weather-forecasting: 

1) In general, weather travels east-, 
ward. 

2) Lows tend to follow certain 
paths at certain seasons of the year. 

3) A low usually crosses the 
United States in 3 to 5 days. 

4) The approach of a low from 
the west usually foretells unsettled 
weather; a high foretells fair or partly 
cloudy and cooler or colder weather. 

5) Lows that follow paths across 
southern United States in winter are 
usually more intense and energetic 
than those that travel east along the 
Canadian border. 

6) As a storm center passes, the 
temperature will drop, the amount 
of drop being determined largely by 
the contrast in temperature between 
the low and the high that lies to the 
west or northwest. 

7) Highs tend to travel from west¬ 
ern Canada and the Pacific coast to¬ 
ward the Central Atlantic states; 
lows move toward New England. 

8) In general, lows travel faster 
than highs. 

9) A high over Montana, the Da¬ 
kotas, and western Canada with tem¬ 
peratures 20° to 40° below zero may 
advance toward the southeast, caus¬ 
ing a severe cold wave to reach some¬ 
times as far south as the Gulf states. 


Along the advancing cold front of 
such a high, blizzards may be experi¬ 
enced. 

10) A high-pressure area over Ne¬ 
vada, Utah, and Idaho, called a Great 
Basin high , may remain stationary 
for several days, causing fair weather 
and westerly winds to prevail over 
most of the states between the Rocky 
Mountains and the Mississippi River. 
Such highs bring moderately cold 
weather. 

11) In summer, a stationary low 
in central North America, with a 
high over the southeastern states may 
cause a hot wave and drouth over 
much of central and eastern United 
States. 

12) A northeast or east wind, a 
falling barometer, and a tempera¬ 
ture near freezing are good indica¬ 
tions of an approaching snowstorm. 

13) The change in temperature is 
usually greater when the storm cen¬ 
ter passes north of the observer. 

14) In the United States, storms 
tend to increase in intensity east of 
the Mississippi River. 

15) During the cool months, a 
high over Minnesota and the Lake 
Superior region, together with a low 
in the southwestern states, often 
causes cloudy weather with rain or 
snow over the central states west of 
the Mississippi River. 

16) The southwest quadrant of a 
high often tends to be a region of 
stratus clouds and light, drizzle rains. 

17) Violent atmospheric disturb¬ 
ances often develop along the cold 
front, or wind-shift line. 
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18) In general, winds from points 
east, with a falling barometer, indi¬ 
cate foul weather; winds shifting to 
points west indicate clearing and fair 
weather. 

Suppose that a cyclone is moving 
eastward across the United States. If 
the center of the low passes to the 
north of an observer, so that he is in 
the southern quadrants of the storm, 
the succession of winds experienced 
will be southeast, south, southwest, 
and finally west and northwest (Fig. 
82). This is called a veering wind 
shift. On the other hand, if the storm 
center passes south of the observer, 
so that he is on the north side of the 
cyclone, he will experience, in suc¬ 
cession, northeast, north, and finally 
northwest winds. This is known as 
a backing wind shift. 

The following note regarding 
wind-barometer indications associ¬ 
ated with a passing cyclone appears 
in some United States Weather 
Bureau publications: 

When the wind sets in from points 
between south and southeast and the 
barometer falls steadily, a storm is ap¬ 
proaching from the west or northwest, 
and its center will pass near or north 
of the observer within 12 to 24 hours, 
with wind shifting to northwest by way 
of southwest and west. When the wind 
sets in from points between east and 
northeast and the barometer falls stead¬ 
ily, a storm is approaching from the 
south or southwest, and its center will 
pass near or to the south or east of the 
observer within 12 to 24 hours, with 
wind shifting to northwest by way of 
north. The rapidity of the storm’s ap¬ 


proach and its intensity will be indi¬ 
cated by the rate and the amount of the 
fall in the barometer. 

AIR MASS ANALYSIS 

Weathermen devote a great deal 
of time to the study of air masses. 
They are interested especially in (1) 
the origin of a given air mass, (2) its 
characteristics, (3) its rate and direc¬ 
tion of movement, and (4) the type 
of weather that is likely to result 
where two contrasting air masses 
come together. The movements of 
air masses and their effects upon 
weather have been observed for many 
years. 

The radiosonde. In order to study 
air masses, meteorologists need in¬ 
formation about the atmosphere, not 
only at the earth’s surface but also 
at various heights above sea level. 
Since most “weather” occurs in the 
lower 5 miles of the ocean of air, 
data up to about 25,000 or 30,000 
feet are especially valuable. To ob¬ 
tain upper-air data, the radiosonde 
is used. This is a method of upper- 
air “sounding” by means of radio. 

The radiosonde (Fig. 95) is a re¬ 
markable instrument resulting from 
years of patient research and experi¬ 
menting on the part of many scien¬ 
tists. Housed in a small box about 1 
foot square and 6 inches deep are 
small instruments, which measure 
temperature, pressure, and relative 
humidity of the air. These three 
measurements are transferred to a 
tiny radio transmitter in another 
compartment of the box. By means 
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of an antenna that trails below the 
box, the transmitter broadcasts the 
temperature, pressure, and relative 
humidity to a special radio receiving 
set on the ground. Pressure, of 



Fig. 95. A large balloon carries the radiosonde 
into the upper atmosphere. Note the parachute 
below the balloon and the antenna trailing 
from the rectangular box that contains the 
measuring instruments and radio transmitter. 
(Courtesy U. S. Weather Bureau .) 

course, can be translated into eleva¬ 
tion above sea level. The radiosonde 
also may carry a special metal, which 
can be tracked by radar to ascertain 
wind direction and velocity aloft. 

A large balloon, some 5 or 6 feet 
in diameter, filled with helium or 
hydrogen, carries the radiosonde into 
the upper levels of the earth’s atmos¬ 
phere. Decreased air pressure at high 
elevations permits the helium or hy¬ 
drogen to expand, the balloon finally 
bursts, and the radiosonde is para¬ 
chuted to the ground. 

Radiosondes are sent up daily at a 
number of places scattered over the 


North American continent. The data 
are transmitted to forecast centers 
and there plotted on adiabatic charts. 

Man himself, using enormous bal¬ 
loons, has ascended into the atmos¬ 
phere about 14 miles above sea level. 
The radiosonde has reached eleva¬ 
tions almost twice this height. In 1 
hour the radiosonde will ascend 
about 30,000 feet and, in this same 
time, travel horizontally about 40 
miles. 

Winds aloft. As mentioned in 
Chapter 3, the direction and velocity 
of winds aloft are determined by the 
pilot-balloon-theodolite method and 
by radar. The theodolite is a small 
telescope with which the observer 
follows the balloon (Fig. 96). This 
instrument measures the angular ele¬ 
vation of the balloon and the direc¬ 
tion the balloon is traveling, meas¬ 
ured clockwise from true north 
(called azimuth). These measure¬ 
ments are taken every minute. At 
night, a small lantern made with a 
candle is fastened to the balloon. 

Cloud ceiling. The pilot balloon 
(Fig. 96) is filled with a definite 
amount of helium. Its rate of ascent 
is known to be about 600 feet per 
minute. This can be used to ascer¬ 
tain cloud ceiling , the number of 
feet from the ground to the cloud 
base. Suppose the observer finds that 
the pilot balloon disappears in the 
clouds 4% minutes after it is re¬ 
leased. He then reports the ceiling 
as 4% X 600, or 2700 feet. 

At night the cloud ceiling is deter¬ 
mined by means of a powerful beam 
of light that produces a spot on the 
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lower side of the cloud layer (Fig. 
97). The observer is stationed a 
known distance from the beam of 
light. lie reads the vertical angle of 
the spot with a clinometer, a sort of 
protractor. Knowing the angle, he 
merely refers to a table of figures to 
ascertain the cloud ceiling in feet. 

Some weather stations are now 
equipped with radar apparatus that 
will indicate cloud ceiling in a frac¬ 
tion of a second, day or night. 

All this means that a more inten¬ 
sive study is being made of the ver¬ 
tical structure of the atmosphere. By 
using radiosonde and pilot-balloon 
data, meteorologists make upper-air 



Fig. 96. A weather observer about to release a 
balloon that he will watch through the theodo¬ 
lite directly in front of him. Such observations 
make possible the determination of wind di¬ 
rection and velocity at high elevations and the 
height of the cloud ceiling. Note the anemome¬ 
ter and wind vane. (Courtesy Trans World Air¬ 
line.) 


charts that show temperature gradi¬ 
ents, moisture content of the air, and 
the direction of winds aloft. These 
are studied carefully. The upper-air 
data also are plotted on special graph 
paper. Such graphs help the meteor¬ 
ologist in his analysis of air masses 
and in determining weather changes 
that may take place within the next 

Ceiling ^ Spot on 

\Jc S I cloud base 

td* I 1 ' 

Observer with • ^ C. .. ,_ , 
clinometer^ ' T" Verf,cal an 9 ,e ^ n 

jf- —1000- ft base line -ft 

Fig. 97. Measuring cloud ceiling at night. 

day or so. These studies are a step 
forward in the development of 
weather science and are contributing 
to greater accuracy in forecasting. 

Figure 98 shows the source regions 
of air masses common to North 
America. The maritime polar (mP) 
air mass originates in the arctic or 
subarctic. As it moves over the North 
Pacific Ocean its moisture content 
and temperature, at least in the 
lower layers, are increased somewhat. 
This air mass along the Pacific coast 
often is associated with cloudy 
weather, with numerous showers, es¬ 
pecially in the cool months. After 
crossing the western mountains, its 
moisture content is much lower. East 
of the Rockies it tends to produce 
fair weather with moderate tempera¬ 
tures. 

Maritime polar air masses from 
the North Atlantic, moving from 
northeast to southwest, may bring 
unusually cool, moist weather to the 
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Atlantic coast from Quebec south¬ 
ward to the Carolinas. 

The continental polar (cP) air 
mass moves south over western Can¬ 
ada. It enters the United States 
mainly through Montana and the 



Fig. 98. Source regions of air masses common 
to North America. The S in New Mexico stands 
for the "superior" air mass. (Courtesy B. C. 
Haynes and the Civil Aeronautics Administra¬ 
tion .) 

Dakotas. This is a typically cool or 
cold body of air with low absolute 
humidity. As it moves southward, it 
brings cool weather in summer and 
cold weather in winter. It appears 
on the weather map as a huge anti¬ 
cyclone, or high. Being of low mois¬ 
ture content, it permits rapid radia¬ 
tion of heat from the earth at night 
and, therefore, rapid cooling. This 
cold air often undermines a mari¬ 
time tropical (mT) air mass along 
the wind-shift line of a cyclone, 
sometimes producing severe weather 
changes. 


The following quotation is taken 
from Aerology for Pilots (United 
States Navy): 

On rare occasions cP air moves across 
the Rockies and Cascades to coasts of 
Washington and Oregon. It brings to 
the “webfeet” of that coastal region a 
respite from their customary winter 
rains. It provides excellent flying condi¬ 
tions—clear skies and unlimited visibil¬ 
ity. When this air moves down the Cali¬ 
fornia coast, Los Angeles shivers, and 
nearby villages (which have no cham¬ 
bers of commerce) may shovel snow. 

The maritime tropical air mass 
probably originates over the Carib¬ 
bean Sea or the Gulf of Mexico. It 
is typically warm and humid. As it 
moves northward, it is the source of 
much moisture that falls over central 
and eastern United States. In the 
warm months, maritime tropical air 
often causes periods of hot, sultry, 
oppressive weather. When this air 
mass advances toward the north and 
east, it may cause a sharp increase 
in temperature. 

The superior (S) air mass usually 
is very warm and dry. Its origin is 
uncertain. Possibly it comes from the 
higher levels of the subtropical belt 
of high pressure over the North Pa¬ 
cific. This hot, dry air, especially in 
summer, causes rapid evaporation 
and, therefore, much damage to 
crops. Maritime polar air, after cross¬ 
ing western mountains, is also rela¬ 
tively dry and may cause excessive 
evaporation. 

On the daily weather map, an 
arrow between two air-mass symbols 
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Fig. 99. Principal airline routes of the United States. (Courtesy U. 5. Department of Commerce .) 





118 


THE EARTH AND ITS RESOURCES 



Fig. TOO. Captain, first officer, and dispatcher study the weather map, prior to a flight. (Courtesy 
Trans World Airline.) 


signifies that the air mass is in a tran- (1) cumuliform clouds (cumulus or 
sitional stage. This means that its cumulonimbus); (2) turbulence in 
original characteristics are being the lower layers; (3) good visibility; 
modified and that it is changing from and (4) showers or local thunder- 
one type to another. storms. 

Air mass colder than the ground. Air mass warmer than the ground. 
If an air mass is colder than the When an air mass is warmer than 
ground over which it is moving, the the ground over which it is moving, 
air-mass symbol on a weather map the air-mass symbol is followed by 
will be followed by the letter k, as w, as for example, mTw. This means 
for example, cPk. This means that that the ground is colder than the 
the ground is warmer than the air, air, and that the lower layers of air in 
and that the lower layers of air will contact with the earth will be chilled, 
be heated by the warmer earth. Heat Their density is increased, and they 
from below will set up convection will settle to the earth. Such air tends 
currents in the air. When this is the to arrange itself in layers, and exten- 
case, the following may be observed: sive sheets of clouds may form. Un- 








STORMS AND THEIR WEATHER TYPES 


119 


der these conditions, the following 
may be observed: (1) stratiform 
clouds (stratus, stratocumulus, or 
fog); (2) smooth air (little if any tur¬ 
bulence); (3) poor visibility (smoke, 
dust, fog); and (4) drizzle, dew, mist. 

Importance of weather information 
in aviation. The value of accurate 
and detailed weather information in 
the field of aviation cannot be over¬ 
estimated. Today there are many 
weather observers along the more 
heavily traveled air routes (Fig. 99). 
Thus when local weather conditions 
suddenly become unfavorable for 
safe Hying, the information is tele¬ 
graphed quickly to the larger air¬ 
ports. There, by means of radio, the 
information is broadcast to pilots in 
the air. All airplanes that carry pas¬ 
sengers for hire are required by law 
to be equipped with two-way radio. 
Pilots can receive and broadcast 
weather information while in the air. 
All these precautions, aided by im¬ 
proved weather service, make for 
greater safety in aviation (Fig. 100). 

TROPICAL CYCLONES OF THE 
HURRICANE AND TYPHOON VARIETY 

Hurricanes and typhoons are vio¬ 
lent tropical storms and are similar 
except for location. They occur in 
late summer and early autumn. The 
hurricane originates in the vicinity 
of the West Indies, travels toward 
Florida or other Gulf states, and then 
curves toward the north and north¬ 
east (Fig. 101). The typhoon occurs 
in similar latitudes off the east coast 


of Asia, traveling across the Philip¬ 
pines toward the coast of China and 
then turning northward to southern 
Japan. 

H urricanes and typhoons are much 
larger than the tornado. Wind ve¬ 



locities usually reach 75 miles per 
hour or more. The high winds drive 
great waves of water into coastal 
settlements. In the center of the 
storm the barometer has been known 
to drop more than 3 inches below 
normal. Excessive rainfall may cause 
floods. In the hurricane of Septem¬ 
ber 18, 1926, which devastated Mi¬ 
ami, Florida, at least 114 lives were 
lost in the Miami district, and dam¬ 
age to buildings was estimated at 
nearly 75 million dollars. 

In September, 1938, a hurricane 
moved from the West Indies north¬ 
ward over the Atlantic Ocean, its 
center some 75 to 100 miles east of 
the Carolina coast. Ordinarily such 
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Fig. 102. Structure of a local thunderstorm. In the United States such storms usually move in a 
general direction from west to east. (Courtesy A. K. Lobeck.) 


a storm would turn northeast into 
the middle Atlantic. On September 
21, this particular storm drove inland 
over Long Island, Connecticut, and 
Massachusetts. The barometer at 
Hartford, Connecticut, dropped to 
28.04 inches, approximately 2 inches 
below normal. High winds caused 
great waves of water that did enor¬ 
mous damage along the shore. More 
than 700 lives were lost. There was 
no railroad transportation between 
New York and Boston for more than 
a week. Total damage done by the 
storm was estimated at 300 million 
dollars. 

These destructive tropical storms 
appear to occur over the warmer 
parts of most of the oceans. In addi¬ 
tion to the localities just mentioned, 
the following regions may be noted: 
(1) the Arabian Sea and the Bay of 
Bengal, on each side of peninsular 
India; (2) the South Indian Ocean 


east of Madagascar; and (3) the tropi¬ 
cal waters to both the northeast and 
the northwest of Australia. 

THUNDERSTORMS 

A description of the approach and 
retreat of a thunderstorm is given at 
the beginning of this chapter. Thun¬ 
derstorms are characterized by strong 
upward currents of moist air and the 
formation of huge cumulonimbus 
clouds. Gusty winds, lightning, thun¬ 
der, “dash” rain, and sometimes hail 
accompany these storms. Such an at¬ 
mospheric disturbance usually is as¬ 
sociated with high temperatures at 
the earth's surface and moist air. 
Consequently, thunderstorms are 
most prevalent in certain tropical 
regions, in the warm season of the 
intermediate zones, and at the 
warmer hours of the day. The heavy 
rain of short duration is a direct re- 
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Fig. 103. Average annual number of days with thunderstorms. (Courtesy U. S. Weather Bureau.) 


suit of rapid condensation of water 
vapor caused by the strong vertical 
convection currents within the storm. 

Types of thunderstorms. Two types 
of thunderstorms are usually recog¬ 
nized: 

1) Local heat thunderstorms may 
occur without warning, owing to 
local convection (Fig. 102). Rising 
air currents cause the formation of 
towering cumulus clouds. These 
grow to cumulonimbus, which may 
give rise to a thundershower. In 
central and eastern United States 
literally hundreds of these scattered 
thundershowers may occur on a hot 
summer day. They are of great eco¬ 
nomic significance, because they pro¬ 
duce much needed rain during the 
growing season. 

2) Cold-front thunderstorms often 
are more extensive and more severe 


than the local heat variety. They oc¬ 
cur along the wind-shift lines of well- 
developed lows during the warm 
months. As previously explained, the 
wind-shift line marks the abrupt 
meeting place of warm and cold air 
masses. The warm air mass, which 
in central and eastern United States 
often comes from the Gulf of Mex¬ 
ico, may carry much water vapor. As 
it is suddenly uplifted by the advanc¬ 
ing, underrunning cold front of the 
polar air mass, dark cumulonimbus 
clouds may form. The resulting 
thunderstorm may be extremely vio¬ 
lent, accompanied by heavy rain, 
lightning, strong winds, and some¬ 
times hail. Such storms may occur at 
any time of day or night. They usu¬ 
ally are followed by cool, clear 
weather. 

High temperatures and stagnant, 
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humid air in the doldrums furnish 
ideal conditions for thunderstorm 
formation. Thunder is heard in some 
doldrum regions 75 to 150 days per 
year. Deserts in the tropics, however, 
may have fewer than 5 days with 
thunder, because of low humidity. 
In the United States the Gulf states 
rank highest, and the Pacific coast 
lowest, in the number of thunder¬ 
storms (Fig. 103). In the middle lati¬ 
tudes such storms are more numer¬ 
ous over land than over sea. 

Characferistics of thunderstorms. 
Hail , the most destructive form of 
precipitation, sometimes accompanies 
thunderstorms. When convection is 
most violent and air currents are 
ascending at the rate of 100 miles per 
hour or more, raindrops are carried 
up into regions of extreme cold. 
They mix with snow and form 
cloudy globules of ice. Moving down¬ 
ward, this ice is covered with a layer 
of water and is then shot upward 
again, and the film of water freezes. 
This process may continue until the 
hailstone, formed of concentric lay¬ 
ers of clear ice and snow, like the 
layers of an onion, reaches consider¬ 


able size (Fig. 104). When the up¬ 
ward-moving air currents weaken, 
the hailstones fall to earth. They 
make dents in automobiles and shat¬ 
ter the glass of greenhouses. Destruc¬ 
tive hailstorms often do tremendous 
damage to growing crops. Many 
farmers carry insurance to cover such 
damage (Fig. 105). 

Lightning is a huge electric spark, 
caused by the discharge of electricity 
between clouds or between a cloud 
and the earth. 

Clouds are charged with electric¬ 
ity. The water particles in one cloud 
may carry a positive charge of elec¬ 
tricity, whereas those in another may 
carry a negative charge. One part of 
a single cloud may be charged posi¬ 
tively; another part, negatively. The 
electric discharge caused by these 
opposite charges usually appears as 
lightning. Sometimes the electric dis¬ 
charge takes place between a low 
cloud and the earth. However, most 
lightning occurs between clouds. 
Probably not more than 1 percent of 
the lightning flashes go to the earth. 

In the United States 700 to 800 
persons lose their lives each year as a 
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Fig. 105. Average annual number of days with hail. This map shows that hailstorms are more 
numerous in the Middle West. Hail falls from cumulonimbus clouds. Hail may pound a wheat crop 
to the ground. Corn, 5 or 6 feet tall, may be riddled to shreds. In the middle-western states, 
annual damage from hail and accompanying high winds runs into millions of dollars. Many 
farmers, therefore, carry hail insurance. (Courtesy U. S. Weather Bureau.) 


result of lightning, and twice as many 
are injured. Fire losses due to light¬ 
ning amount to more than 12 mil¬ 
lion dollars annually. 

Thunder is produced by violent 
expansion of the air, which is caused 
by the tremendous heat of lightning. 
Light waves travel about 186,000 
miles per second; sound waves, about 
1100 feet per second. Thus, the sound 
of thunder is heard after the flash 
of lightning is seen. By counting the 
seconds between the time the flash 
is seen and the time the thunder is 
heard, it is possible to estimate the 
distance between the observer and 
the lightning. Sometimes a lightning 
flash may occur behind a cloud so 
that the entire cloud is illuminated. 


This is referred to as sheet lightning . 

Aviators: avoid thunderstorms. 

Whenever possible, the wise aviator 
avoids “fighting it out” with a thun¬ 
derstorm (Fig. 106). Since a local 
thunderstorm does not cover a large 
area, it often is advisable for the 
airman to fly around it. The most 
serious problem involved in this 
maneuver is that of returning to the 
original, intended flight path. In 
many cases the wisest procedure is 
to land, if possible, and to tie the 
ship down until the storm has passed. 
The dangers involved in flying into 
a thunderstorm are as follows: 

1) Terrific strain on aircraft 
caused by updrafts and down- 
drafts 
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Fig. 106. Thunderstorm clouds such as these may reach altitudes of 30,000 to 40,000 feet. 
Within the cloud, updrafts and downdrafts of 100 miles per hour or more place enormous 
strains on the aircraft structures. If a pilot attempts to fly around a thunderstorm, he must pay 
strict attention to navigation, otherwise he may become lost. (Photograph courtesy U. S . Army 
Air Forces.) 


2) Poor visibility 

8) Possible damage to aircraft by 
hail 

4) Radio of no value because of 
static 

5) Ice formation on aircraft 

6) Airsickness 

7) Pilot may become lost 

8) Explosion of gasoline caused 
by lightning 

TORNADOES 

Tornadoes are the most violent 
and destructive of all storms, but 
they are rare and do damage over 
small areas. They are closely associ¬ 
ated with thunderstorms of the cold- 
front variety in V-shaped lows. The 
approach of a tornado is usually her¬ 
alded by dark and greenish masses 


of cumulonimbus clouds in wild tur¬ 
moil, from which descends the fun¬ 
nel-shaped tornado cloud (Fig. 107). 
Upper-air currents carry the storm 
in a general northeasterly direction. 
The rate of travel averages 25 to 40 
miles per hour. 

Tornadoes occur chiefly in spring 
and early summer. Destruction of 
property and life is due mainly to 
high wind velocities of 100 to 500 
miles per hour. Vertical air currents 
within the tornado are thought to 
reach velocities ranging from 100 to 
200 miles per hour. These storms 
are typically American. In the United 
States they are most frequent over 
the central and southeastern states 
east of the Rocky Mountains (Fig. 
108). Tornadoes at sea often are 
called water spouts. 
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Fig. 107. Three stages in a tornado that occurred near Gothenburg, Nebraska, in 1930. At the 
left, the tornado's cone is seen as it formed in the clouds; in the center, the fully developed 
cone as it reached the earth. At the right, the cone strikes a farmhouse, which appears to 
explode. (Courtesy U. S. Weather Bureau.) 



Fig. 108. Figures indicate the total number of days in 63 years (1880-1942) on which one or 
more tornadoes were reported in some part of each state. (Courtesy U. S. Weather Bureau .) 
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SUMMARY 

In this chapter we have learned 
that storms are of tremendous im¬ 
portance, because they are the earth’s 
principal generators of precipitation. 
Thunderstorms are most numerous 
in the doldrum belt. Cyclones, or 
lows, and anticyclones, or highs, 
travel from west to east in the two 
belts of westerly winds. A knowledge 
of storms and of the movements of 
air masses about lows and highs is of 
great importance to the weather- 
forecaster. T ornadoes, hurricanes, 


and typhoons are extremely energetic 
storms which often cause much loss 
of life and do enormous damage to 
property. 

Having considered air tempera¬ 
ture, pressure, wind belts, humidity, 
precipitation, and storms, we are 
ready now to study climate, by 
which we mean the generalized 
weather conditions over the earth. 
There are a number of distinct types 
of climate to be found on the various 
continents. Chapters 6 and 7 deal 
mainly with descriptions of these 
climatic types. 


QUESTIONS 

1. Why are storms of spec ial importance over the lowlands of the earth? 

2. What is a cyclone? an anticyclone? 

3. On a weather map, how is a cyclone shown? an anticyclone? 

4. How does pressure change from the center to the edge of a cyclone? 
of an anticyclone? 

5. How should you reduce to sea level the barometer reading at a place 
having an elevation of 3000 ft? of 8000 ft? 

6. How do summer cyclones differ from winter cyclones? 

7. Why do lows travel in a general easterly direction? 

8. What is the speed of lows in summer? in winter? 

9. What is the wind direction in the front, or east, quadrants of a low? 
in the rear, or west, quadrants? 

10. Why are easterly winds an indication of unsettled weather? 

11. Why is the wind-shift line also called the cold front? 

12. Why is warm, humid air often forced upward along the surface cold 
front? 

13. Along the wind-shift line of a V-shaped low, what atmospheric dis¬ 
turbances may be experienced? 

- 14. Discuss the wind system of an anticyclone, or high. 

15. Define subsidence. What weather conditions may be associated with 
subsidence? 

16. Why do some lows fail to bring precipitation? 

17. Why is there generally little precipitation at the center of a high? 

18. Contrast the nature of cyclonic and thunderstorm rainfall. 



127 


STORMS AND THEIR WEATHER TYPES 

19. Describe cyclonic weather, especially in the cool months. 

20. Why do violent thunderstorms sometimes occur along the cold front? 

21. What causes a cold wave? a blizzard? 

22. What causes a hot wave? What is its effect on evaporation? 

23. Contrast temperature conditions in the southeast and northwest 
quadrants of a low. What temperature change takes place as the storm passes? 
Why? 

24. In which quadrant of a low is humid, “sticky” weather most notice¬ 
able? 

25. Why does a barometer fall as a storm approaches? Why does it rise 
as the storm retreats? 

26. Name and locate the two tracks along which most lows travel across 
North America. 

27. Draw the weather map symbol (a) for warm front, (b) for cold front. 

28. Study Figs. 91 and 92. In general, which is steeper, the warm or cold 
front? Where do you observe subsidence? 

29. Write five weather-forecasting rules that, in your opinion, are most 
important. 

30. If wind direction is east and the barometer is falling, from what direc¬ 
tion is the storm probably approaching? 

31. Explain veering and backing of the wind. 

32. Draw a station model, showing overcast sky; stratus clouds; tempera¬ 
ture 72°; barometer 1015.9 mb; visibility 2 mi; ceiling 1000 ft; dew point 
66°; raining; wind from NNE at 14 mph; barometer falling unsteadily. 

33. In the study of air masses, what four things are of special interest? 

34. What information is obtained by using the radiosonde? 

35. How are wind velocity and direction aloft ascertained? 

36. What is the cloud ceiling? How is it obtained? 

37. State two or three facts about each of the following air masses: conti¬ 
nental polar; maritime tropical; superior. 

38. What weather conditions are likely to prevail when an air mass is 
colder than the ground? when warmer than the ground? 

39. Why is a two-way radio of considerable value on board an airplane? 

40. Where and when do hurricanes occur? typhoons? How do these storms 
differ from tornadoes? 

41. What are the characteristics of a thunderstorm? 

42. Name the two types of thunderstorm. Briefly describe each. 

43. Why are thunderstorms numerous in the doldrums? 

44. Where in the United States are thunderstorms most common? Why? 
Where are they uncommon? Why? 

45. Explain how hail is formed. 
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46. Name 10 states where hailstorms are most numerous. Name four states 
that have very few hailstorms. 

47. What is lightning? Explain the cause of lightning. 

48. What causes thunder? How can you estimate the distance to a light¬ 
ning flash? 

49. Give five good reasons why an aviator should avoid a thunderstorm. 

50. Describe the tornado cloud. What is the wind velocity in a tornado? 

51. Where and when do tornadoes occur? Toward what direction do they 
usually travel? 

52. Name in rank the five states that have had the most tornadoes. What 
five states had fewer than five tornadoes from 1880 to 1942? 

SUGGESTED ACTIVITIES 

1. Keep a daily weather record. Using a barometer of some kind and a 
wind vane, make daily forecasts of the weather. Score your forecasts as 
correct, partly correct, or wrong . If possible, secure the daily weather map 
from the nearest Weather Bureau station. Make good use of the map to 
increase the accuracy of your forecasts. 

2. Draw a weather map on an outline wall map of the United States. 
Discuss the forecast for various parts of the country. 

3. Secure several copies of the Monthly Weather Review, published by 
the U. S. Weather Bureau, Washington, D. G., and for .sale by the Superin¬ 
tendent of Documents. These will give you an idea of the amount of de¬ 
tailed work done by the Weather Bureau. 

4. If it is possible to secure the daily weather maps, keep them posted 
so that the movements of lows and highs can be observed for several days 
at a time. 

5. Study cloud types. They often aid in weather-forecasting. 

6. Visit a Weather Bureau station or airport, and observe the method 
of drawing the weather map. 

7. Study a map showing airlines. Make inquiry as to the number of 
weathermen employed by the various air-transport companies. 

8. If daily weather maps are published in your local newspaper, cut 
them out and paste them in a notebook. Paste the official forecast below 
each map. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 


1. The Radiosonde 

2. Recent Developments in Air Mass Analysis 
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3. Distribution of Tornadoes in the United States 

4. Hurricanes and Typhoons 

5. Weather Service of Transcontinental Airlines 

6. Additional Rules for Forecasting Weather 

7. The Value of Weather-Forecasting 

8. The U. S. Weather Bureau 

9. Weather-Forecasting on the Pacific Coast 

REFERENCES 

See list at end of Chapter 2. 



CHAPTER 6. 


Climates of the Tropics and 
the Dry Middle Latitudes 


Sometimes we hear interesting con¬ 
versations on the subject of climate. 
Especially is this true when people 
from widely separated parts of the 
country get together. The northern 
Minnesotan can be heard telling 
about cool summers and cold, invig¬ 
orating winters, with plenty of snow 
and ice for winter sports. The Flo¬ 
ridian describes his climate as always 
warm and moist and points to the 
fact that thousands of tourists spend 
a part of the winter in Florida in 
order to avoid the cold of more 
northerly regions. The southern Cali¬ 
fornian tells of warm, dry summer 
days and cool nights and of a winter 
that really is not winter but, instead, 
is a moderately cool season, with 
snow almost unknown. 

The variety of climates over the 
earth is indeed great. Some, like the 
tropical deserts, are hot and dry the 
year round; others, like the coast of 
southern Alaska, are cool and moist. 
Some, like much of the United States, 
have distinct changes of seasons; 
others, like the equatorial lowlands, 
have little change during the year. 
One type of climate may be favor¬ 


able for the production of bananas; 
another, for citrus fruits; another, 
for cereals; and still another, for mag¬ 
nificent forests. Some climates are so 
severe that people avoid them. Wit¬ 
ness, for example, the sparse popula¬ 
tion of the intensely hot, dry Sahara 
in northern Africa and of the arctic 
shores of northern Russia which are 
bitterly cold much of the year. 

Climate, therefore, is a most im¬ 
portant element of environment. It 
has much to do with peoples’ daily 
work habits and with their occupa¬ 
tions. 

What about your local climate? Be¬ 
fore beginning a study of the prin¬ 
cipal types of climate that are to be 
found on the earth’s surface, you 
should fix in mind certain facts about 
your local climate. This knowledge 
will help you to compare climates in 
other parts of the world with your 
own; Such comparisons enable us to 
understand better the environmental 
conditions in other localities. 

The two most important elements 
of climate are temperature and rain¬ 
fall . What are the temperature and 
rainfall characteristics of your own 
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local climate? Using data from the 
nearest Weather Bureau station, 
learn the answers to the following 
questions: 

1) Which month is the warmest? 
the coldest? 

2) What is the average tempera¬ 
ture of the warmest month? of the 
coldest month? 

3) What is the annual range of 
temperature? the daily range of tem¬ 
perature? 

4) What is the highest tempera¬ 
ture recorded during the year? the 
lowest? 

5) What is the average annual 
rainfall? 

6) Which season has the most 
rain? Which month has the most 
rain? the least rain? 

With these facts in mind for the 
purpose of comparison, we may give 
our attention now to the various 
types of climate on the earth. 

Climatic regions. It is possible to 
divide the continents into regions, 
called climatic regions, each of which 
has a certain type of climate (Fig. 
109). The location of these regions 
is made possible by the numerous 
records of temperature and rainfall 
that have been kept for many years 
in many places. (For examples of 
such records, see Appendix B.) It is 
important that the information on 
the seasons given in Appendix A be 
kept in mind during the study of 
world climatic regions. Our survey 
of these regions begins with the trop¬ 
ical climates of the low latitudes 
(equator to 20° or 30°). 


TROPICAL RAINY CLIMATES 

The humid tropics form a some¬ 
what interrupted and irregular 
“belt” 20° to 40° wide around the 
earth and straddling the equator. 
This region differs from all other 
humid regions of the earth because 
it is constantly warm; in other words, 
it lacks a winter. Within this climatic 
group, even the coolest month has an 
average temperature of 64° or more. 

Annual rainfall is rarely less than 
30 inches and often exceeds 100 
inches. Much of the precipitation is 
of the convectional, or thunderstorm, 
type. Heavy showers are often ac¬ 
companied by severe thunder and 
lightning. Especially in the wet, trop¬ 
ical lowlands, high relative humidity 
tends to increase human discomfort. 
Since the rainfall is mainly convec¬ 
tional in origin, it tends to be great¬ 
est at, or soon after, the season of. 
high sun, when the sun is most nearly 
overhead. On the other hand, rain¬ 
fall tends to decrease during periods 
of low sun, or when the sun’s rays are 
more oblique. It is well said, there¬ 
fore, that in the tropics rainfall fol¬ 
lows the sun. 

The abundance and intensity of 
light, both direct and reflected, in 
the low latitudes are distressing to 
the eyes. The bright sunlight is also 
dangerous. To expose the uncovered 
head to the direct rays of the tropical 
sun is to invite illness. 

The principal climatic types with¬ 
in the humid tropics differ from each 
other mainly in the seasonal distri¬ 
bution of precipitation: (1) Tropi- 
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Fig. 109. Climates of the earth. 
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cal rainforest has ample rainfall 
throughout the year. (2) Savanna has 
distinct wet and dry seasons. 

Tropical rainforest climate. Hot, hu¬ 
mid weather, luxuriant vegetation, 
buzzing insects, the chattering of nu¬ 
merous monkeys—these brief expres¬ 
sions enable us to picture the tropi¬ 
cal rainforest. Here, in places, are to 
be found great jungles, where trees, 
vines, and dense undergrowth form 
a vegetation cover difficult to pene¬ 
trate. Much of the tropical rainforest, 
however, is not true jungle. 

The two most distinguishing 
characteristics of tropical rainforest 
climate are uniformly high tempera¬ 
ture and heavy precipitation distrib¬ 
uted throughout the year, so that 
there is no marked dry season (Fig. 
110 ). 

Location. For the most part, this 
climate is found astride the equator 
and extending out 5° to 10° on each 
side. On the eastern sides of conti¬ 
nents, however, where trade winds 
come from warm oceans, this cli¬ 
matic type may be found 15° or even 
25° from the equator. In general, 
tropical rainforest climate coincides 
reasonably well with the equatorial 
belt of calms and variable winds, or 
the doldrums. The principal regions 
having this type of climate are (1) 
the Amazon basin, (2) the Congo 
basin, (3) the East Indies and Malay 
Peninsula, and (4) Panama and the 
eastern lowlands of Central America. 

Temperafure. Lying as it commonly 
does on each side of the equator, 
and consequently in the belt of great¬ 
est insolation, the tropical rainforest 


would be expected to have uniformly 
high temperatures (Fig. 111). Annual 
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Fig. 110. Average monthly temperature and 
precipitation for Singapore, Malaya, a repre¬ 
sentative tropical rainforest station. Months of 
the year are shown between the two graphs. 
Temperature, in degrees Fahrenheit, is shown 
in the top graph, and precipitation, in inches, 
in the bottom graph. The temperature curve 
shows that every month of the year has an 
average temperature close to 80°F. The dif¬ 
ference between the highest and lowest points 
of the curve, about 5°, is the annual range of 
temperature. Precipitation for January averages 
about 8.5 inches, February, about 6 inches; and 
November, 10 inches. By adding the monthly 
averages, the total average precipitation for 
the year, about 93 inches, can be determined. 


average temperature usually falls be¬ 
tween 77° and 80°. There is little 
seasonal variation in temperature, 
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because the altitude of the sun is 
high throughout the year and there 
is little difference in the length of 
day and night from one part of the 
year to another. 

The annual range of temperature, 
or difference between the averages of 
the warmest and coolest months, is 
usually less than 5°. Thus the annual 
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Fig. 111. Daily maximum and minimum tem¬ 
peratures for the extreme months at a repre¬ 
sentative tropical rainforest station. The heavy 
line represents January; the thin line represents 
July. 

range at Para, Brazil, is 3°; Equator- 
ville in central Africa, 2°; and Singa¬ 
pore in southern Malaya, 3.2°. Over 
oceans in these latitudes the range 
of temperature is still less. A remark¬ 
able example is shown by Jaluit in 
the Marshall Islands, which has a 
range of only 0.8°. It is evident that 
an outstanding characteristic of this 
type of climate is the uniformity and 
monotony of continuous hot weather. 

The daily, or diurnal, range of 
temperature, or the difference be¬ 
tween the warmest and coolest hours 
of the day, is usually 10° to 25°, or 
several times greater than the annual 
range (Fig. 111). During the after¬ 
noon the thermometer commonly 
rises to temperatures varying from 
85° to 93° and at night sinks to 70° 


or 75°. The highest temperature of 
the day seldom exceeds 96°, whereas 
in many middle-western cities of the 
United States it may reach 105° or 
more in the summer months. Sensi¬ 
ble temperatures are excessively high 
in the tropical rainforest as the result 
of high humidity. The weather is 
sultry and oppressive. 

Precipitation. Rainfall is both heavy 
and well distributed throughout the 
year, there being no dry season. It is 
estimated that the average annual 
rainfall throughout much of the dol- 
drum belt is in the neighborhood 
of 100 inches. In this region close to 
the equator, conditions are ideal for 
rain formation. The trades from 
northeast and southeast rise above 
the earth’s surface as they approach 
the equator, leaving a belt of varia¬ 
ble winds and calms between them. 

In this belt of hot, stagnant, moist 
air, weak tropical cyclones are de¬ 
veloped. Local convection produces 
towering cumulonimbus clouds and 
heavy thundershowers. Mornings are 
often relatively clear; but as the heat 
of day increases, cumulus clouds be¬ 
gin to appear. On an average, about 
2 days per week have thunderstorms, 
and several in a single afternoon are 
not unusual. 

It is true that there is no genuinely 
dry season in tropical rainforest cli¬ 
mate, yet it should not be inferred 
that the rainfall is exactly the same 
at all seasons of the year. Certain sea¬ 
sons are less wet than others, the vari¬ 
ation being due partly to the north- 
south movement of the sun. 
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Fig. 112. Rubber trees in the Amazon basin. Some of the trees are being tapped. (Courtesy 
Ford Motor Co.) 


Daily weather. The following de¬ 
scription by an eyewitness is taken 
from The Naturalist on the River 
Amazon, by Henry Walter Bates: 

The heat increased rapidly toward 
2 o'clock (92° and 93° F), by which 
time every voice of bird or mammal 
was hushed. . . . The leaves, which 
were so moist and fresh in early morn¬ 
ing, now became lax and drooping; the 
flowers shed their petals. . . . The ap¬ 
proach of the rain clouds was after a 
uniform fashion very interesting to 
observe. First, the cool sea breeze, 
which commenced to blow about 10 
o'clock, and which had increased in 
force with the increasing power of the 
sun, flagged and finally died away. 
The heat and electric tension of the 
atmosphere then became almost in¬ 


supportable. Languor and uneasiness 
seized on everyone; even the denizens 
of the forest betrayed it by their mo- 
. tions. White clouds appeared in the 
east and gathered into cumuli, with an 
increasing blackness along their lower 
portions. The whole eastern horizon 
became almost suddenly black, and 
this spread upward, the sun at length 
becoming obscured. Then the rush of 
the mighty wind was heard through 
the forest, swaying the treetops; a vivid 
flash of lightning burst forth, then a 
crash of thunder, and down streamed 
the deluging rain. Such storms soon 
cease, leaving bluish-black motionless 
clouds in the sky until night. Mean¬ 
time all nature is refreshed; but heaps 
of flower petals and fallen leaves are 
seen under the trees. Toward evening 
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life revives again, and the singing up¬ 
roar is resumed from bush and tree. 1 

Life in tropical rainforest regions. 

Dense, shady forest with little under¬ 
growth is the typical vegetation cover 



Fig. 113. Banana tree in the tropical rainforest 
climate of Central America. The humid low¬ 
lands along the eastern coast of Central Amer¬ 
ica and the island of Jamaica are the heaviest 
producers of bananas. (Courtesy United Fruit 
Co.) 

of much of the virgin tropical rain¬ 
forest. In old clearings, along streams, 
and in other places where the sun¬ 
light can get through is a jungle 
growth of trees and underbrush so 
dense that its penetration is a dif¬ 
ficult task. It is here that men make 
good use of rivers and streams for 


transportation. The rapid growth of 
vegetation is a handicap in the con¬ 
struction and maintenance of rail¬ 
roads. 

Rainforest climate of the tropics, 
however, is ideal for the growth of 
certain economic crops of great value 
which are native to this type of cli¬ 
mate. Especially in the Malay Penin¬ 
sula and East Indies thousands of 
square miles are planted in rubber 
trees. A few rubber plantations are 
located in the Amazon basin (Fig. 
112 ). 

In the eastern lowlands of Central 
America are to be found great ba¬ 
nana plantations (Fig. 113). Low¬ 
lands of the Gold Coast, Brazil, and 
Ecuador contain considerable areas 
devoted to the growth of cacao trees 
(Fig. 114). The fruit of this tree 
is a large pod which contains many 
beans. These beans, after being dried, 
arc used in making cocoa and choco¬ 
late. 

Sugar cane is an important crop 
in many parts of the tropics. The 
cane grows rapidly and can be cut 
several times per year. A plant of 
growing importance is the coconut 
tree. The milk of the coconut is a 
wholesome food. The dried meat, 
called copra, is shipped to many 
parts of the world. Coconut oil is 
valuable not only as a food but also 
in the manufacture of fine soaps. 

Tropical rainforest agriculture in 
many places, however, is handi- 

1 Henry Walter Bates. The Naturalist 
on the River Amazon, pp. 31-32. John 
Murray, London, 1910. 
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Fig. 114. Native workers collecting and opening the pods of the cacao tree. The pods are 8 to 
12 inches long and about 4 inches in diameter. Each pod contains 20 to 40 beans, which 
resemble large shelled almonds. (Courtesy Hershey Chocolate Corp.) 
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Fig. 115. A typical scene in the tropics. Note the cumulus clouds and palm trees. Much vegeta¬ 
tion has been cleared away. Screened-in porch serves as protection from insects. (Photograph 
by Eugene Shearer, U. S. Marine Corps.) 
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capped by poor soil. Many soils 
are badly leached , meaning that the 
heavy and continuous rains dissolve 
and carry away certain valuable plant 
foods in the soil. 

Some kinds of animal life, espe¬ 
cially insects, flourish in this type 
of climate because of the abundant 
food supply and lack of a winter sea¬ 
son. Crocodiles and alligators infest 
many streams. Among the insects are 
mosquitoes which act as carriers of 
malaria and yellow fever. Attacks 
by hordes of ants often make travel 
through the jungle a miserable ex¬ 
perience. Monkeys by the thousands 
chatter in the treetops. 

The natives who inhabit these re¬ 
gions live for the most part from the 
products of crude and primitive agri¬ 
culture and from the fish of the 
streams. Their homes are often small 
huts with steep roofs which quickly 
shed the heavy rain (Fig. 115). In 
certain regions the natives are em¬ 


ployed on the huge banana, rubber, 
sugar, or cacao plantations. 

Density of population throughout 
tropical lowlands varies but, in gen¬ 
eral, is sparse. The great Amazon 
basin is one of the most sparsely pop¬ 
ulated regions of the world. In con¬ 
trast to Amazonia, however, is the 
densely populated island of Java. 

White men are able to endure the 
tropical rainforest climate after a 
fashion. They wear lightweight, 
white clothing and a sufficient head 
cover to provide protection against 
the blazing heat of the sun. Long- 
continued physical exertion is dis¬ 
tasteful, however, and the hard work 
of the plantations is left to the na¬ 
tives. The few white men w T ho live in 
the tropics are employed principally 
as overseers and managers. 

There is the ever-present danger 
of contracting one of the numerous 
tropical fevers. These must be com¬ 
bated by the frequent use of quinine. 


CLIMATIC DATA FOR REPRESENTATIVE TROPICAL RAINFOREST STATIONS 


Singapore , Malay Peninsula 
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F 

M 

A 
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0 

N 

D 

Yr 

Range 

Temp 

78.3 

79.0 

80.2 

80.8 

81.5 

81.1 

81.0 

80.6 

80.4 

80.1 

79.3 

78.6 

80.1 

3.2 

Precip 

oo 

On 

6.1 

6.5 

6.9 

7.2 

6.7 

6.8 

8.5 

7.1 

8.2 

10.0 

10.4 

92.9 



Pardy Amazon Valley 


Temp 

77.7 

77.0 

77.5 

77.-7 

78.4 

78.3 

78.1 

78.3 

78.6 

79.0 

79.7 


78.3 

2.7 • 

Precip 


12.6 

13.3 

13.2 

9.3 

5.7 

4.9 

4.3 

3.2 

2.5 

2.3 

5.1 

86.7 



New Antwerp , Belgian Congo 


Temp 

79.2 

80.1 

79.2 

78.1 

79.2 

78.4 

76.5 

76.3 


77.4 

77.9 

78.1 

78.1 

3.8 

Precip 

4.1 

3.5 

4.1 

5.6 

6.2 

6.1 

6.3 

6.3 

6.3 

6.6 

2.6 

9.3 

66.9 
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Air-conditioning of homes and im¬ 
proved sanitary conditions are mak¬ 
ing life in the tropics more pleasant. 
In spite of these favorable develop¬ 
ments, however, there are few large 
white settlement^ within this cli¬ 
matic type. 

Savanna climate. Savanna climate 
differs from the tropical rainforest in 
two respects: (1) It usually has less 
rainfall, and (2) there are distinct 
wet and dry seasons. Savannas lie on 
the poleward sides of the tropical 
rainforest, between the doldrums on 
one side and the trades and subtropi¬ 
cal highs on the other. They range 
in latitude from about 5° to 15°. As 
the vertical rays of the sun move 
north and south during the year, 
savannas are alternately influenced 
by doldrums and trades. Since trades 
tend to produce deserts, it is evident 
that savannas occupy a position be¬ 
tween constantly wet and constantly 
dry climates. 

The llanos of the Orinoco Valley 
in Colombia and Venezuela and ad¬ 
jacent parts of the Guiana highlands, 
the campos of Brazil, the Sudan of 
North Africa, the veldt of South 
Africa, and portions of northern Aus¬ 
tralia are all representative savanna 
lands. Such lands are characterized 
by tall grass and open forest. Tree 
growth is heavier on the equator- 
ward side. Poleward we find trees 
giving way entirely to grassland as 
the desert is approached. The sa¬ 
vanna lands of India, Burma, and 
French Indo-China are under the in¬ 
fluence of monsoon wind systems in¬ 
stead of doldrums and trades. 


Temperature. Since the noon sun is 
never far from a vertical position, 
constantly high temperatures are the 
rule in savanna lands. The annual 
range is usually about 10° or 15°, 

SAVANNA f CHAM POTON, MEXICO 



Fig. 116. Average monthly temperature and 
precipitation for a representative savanna sta¬ 
tion in northern Mexico. 


slightly more than in the tropical 
rainforest (Fig. 116). In some sa¬ 
vanna regions, the inhabitants recog¬ 
nize three temperature periods: (1) 
the cooler dry season at the time of 
low sun, (2) the hotter dry season 
just preceding the rains, and (3) the 
hot, wet season during the rains. 

During the cooler dry season, or 
the period of low sun, day tempera- 
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Hires are high, reaching 80° to 90° 
in the afternoon. Humidity is low 
so that the heat is not oppressive. 
Nights are inclined to be pleasantly 
mild, the temperature dropping to 
60° or 70°. During the hot, dry pe¬ 
riod, temperatures rise above 90° and 
often over 100°. The hot, wet season 
is one of high sun and doldrum in¬ 
fluence. It is similar to the tropical 
rainforest. Daily range of tempera¬ 
ture is less than in the dry season, 
and high humidity makes the weather 
sultry. 

Precipitation. Savanna lands, with 
annual rainfall ranging from 40 to 
GO inches, receive less precipitation 
than the tropical rainforest. In con¬ 
trast to the rainforest, savannas have 
distinct wet and dry seasons. The 
Sudan of Africa, which lies just north 
of the tropical rainforest, may be 
used to illustrate seasonal distribu¬ 
tion of precipitation. As the vertical 
rays of the sun move north of the 
equator in April and May, thun¬ 
derstorms over the Sudan become 
more frequent. Rainfall continues to 
increase in amount until July or 
August, when the doldrums have 
reached their most northerly posi¬ 
tion. With the southward retreat of 
the doldrums, following the sun, 
rainfall decreases; and by October or 
November the trades are again in 
control, and drouth again grips the 
Sudan. 

One should keep in mind that 
south of the equator the period of 
high sun includes December, Janu¬ 
ary, and February. The period of low 
sun includes June, July, and August. 


It is obvious, therefore, that when 
a Northern Hemisphere savanna is 
having its rainy season, a drouth pre¬ 
vails in the Southern Hemisphere 

savanna, and vice versa. 

. 

SAVANNA CLIMATE 



June to August 

Season 

N. Hemisphere 

High sun 

Wet 

S. Hemisphere 

Low sun 

Dry 


December to February 

Season 

N. Hemisphere 

Low sun 

Dry 

S. Hemisphere 

High sun 

Wet 


The hot, wet season is ushered in 
by violent thunderstorms and severe 
winds which in Africa are called 
tornadoes. In the dry season, weather 
is like that of the desert. Humidity 
is so low that human skin often be¬ 
comes parched and cracked. In spite 
of the aridity, the dry weather fur¬ 
nishes relief from the sultry weather 
of the wet season. As the dry sea¬ 
son advances, the landscape becomes 
brown in color, the trees lose their 
leaves, the rivers are low, the soil 
cracks, and all nature appears dor¬ 
mant. Dust and smoke from grass 
fires often fill the air. The coming 
of the wet season brings a startling 
change. Nature responds rapidly to 
the copious rains of violent thunder¬ 
storms. Grasslands are soon green, 
and the forests become clothed with 
leaves and flowers. 

Especially in South Africa and 
southern Brazil, the savanna lands 
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experience cooler weather because of 
the higher elevations of plateaus and 
highlands. 

Monsoon savannas. In India the sa¬ 
vanna wet and dry seasons corre¬ 
spond with the periods of onshore 
and offshore winds, respectively. 
Winds blow toward land in the warm 
season, carrying vast amounts of 
moisture inland. Weak lows move 
up the Ganges Valley toward the 
northwest, causing abundant rains. 
As these onshore winds, loaded with 
moisture, approach the southern 
slopes of the snow-capped Himalaya 
Mountains, the rainfall resulting is 
the heaviest in the world. Cherra- 
punji, for example, averages more 
than 400 inches of rain per year 
and holds the world’s record of 905 
inches. 

Over the savanna lands of India 
the annual rainfall decreases from 
the eastern coast toward the north¬ 
west. During the period of low sun, 


winds blow from high-pressure areas 
over the land toward the sea. This is 
the dry season during which irriga¬ 
tion is used to provide moisture to 
growing crops, especially wheat. 

Life in the savannas. Largely as a 
result of the climatic conditions that 
prevail, the characteristic natural 
vegetation of savanna lands consists 
mainly of tall grass and trees. In 
some places the grasslands are suita¬ 
ble for the grazing of cattle. In gen¬ 
eral, however, grazing in the savan¬ 
nas suffers from several serious hand¬ 
icaps: (1) the dry season, (2) the 
coarse nature of the grass, (3) insect 
pests, and (1) tropical diseases. 

The savanna lands of Africa are 
the big-game regions. A list of wild 
animals that inhabit the tree and 
grasslands of Africa would indeed be 
a long one. Travelers often are 
astounded at their great numbers. 
Especially during the dry season, a 
regular parade of animals can be 
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Timbo , French fVest Africa (10 o 40'JV) 
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Range 

Temp 

72 

76 

81 

80 

77 

73 

72 

72 

72 

73 

72 

71 

74 

9.7 

Precip 

0.0 

0.0 

1.0 

2.4 

6.4 

9.0 

12.4 

14.7 

10.2 

6.7 

1.3 

0.0 

64.1 



Calcutta, India 


Temp 

65 

70 

79 

85 

86 

85 

83 

82 

83 

80 

72 

65 

78 

21 

Precip 

0.4 

1.1 

1.4 

2.0 

5.0 

11.2 

12.1 

11.5 

9.0 

4.3 

0.5 

0.2 

58.8 



Cuyabd , Brazil (10°S) 


Temp 

81 

81 

81 

80 

78 

75 

76 

78 

82 

82 

82 

81 


6.6 

Precip 

9.8 

8.3 

8.3 

4.0 

2.1 

0.3 

0.2 

i.i 

2.0 

4.5 

5.9 

8.1 

54.6 
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observed in the vicinity of favorite 
water holes dotted here and there 
throughout parts of these regions. 

Man lives in the savannas mainly 
by agricultural and pastoral pursuits. 
For the most part, these regions in 
Australia, Africa, and South America 
are only sparsely populated. This is 
largely because of (1) the dry season, 
which in some cases lasts for several 
months, and (2) the lack of dependa¬ 
ble rainfall. On the other hand, the 
monsoon savannas of southeastern 
Asia support a very dense popula¬ 
tion. Portions of India are among 
the most densely populated regions 
of the world. Here the abundant 
rains during the wet season and irri¬ 
gation during the dry season make 
it possible to produce a tremendous 
quantity of food, especially from 
such crops as rice, wheat, and sugar 
cane. The upland portions of pen¬ 
insular India are well adapted to 
cotton production. Much cotton is 
exported from Bombay. 

In parts of the savanna, man is 
able to utilize certain valuable trees. 
In the highlands of southern Brazil, 
around Sao Paulo, the coffee tree 
thrives. In the Gran Chaco, in north¬ 
ern Argentina and Paraguay, que¬ 
bracho forests furnish not only good 
timber but also a valuable tanning 
extract. Commercially, teakwood is 
one of the most valuable of the sa¬ 
vanna trees. This wood is extremely 
durable and has no equal as a ship¬ 
building material. It is found in cer¬ 
tain highland regions of southeastern 
Asia. 


DRY CLIMATES 

The essential feature of a dry cli¬ 
mate is that evaporation shall exceed 
precipitation. As a result of little 
rainfall, there is no surplus of water 
to maintain a constant water supply 
in the ground. Permanent streams, 
therefore, cannot originate in such 
areas. It may be possible for streams 
to cross them, as do the Nile and the 
Colorado, provided they have their 
sources in more humid regions. 

Two subdivisions of dry climates 
are commonly recognized: (1) the 
arid, or desert, type and (2) the semi- 
arid, or steppe, type: In general, the 
steppe is a transitional belt, or belt 
of gradual change, lying between the 
real desert and the humid climates 
beyond. 

Temperature, precipitation, and 
winds. Temperature changes in the 
dry climates tend to be greater than 
in the humid. The daily range is usu¬ 
ally large. Clear skies and low rela¬ 
tive humidity permit rapid heating 
of the earth during the day and rapid 
loss of heat at night. The lack of 
vegetation in deserts also contributes 
to the more rapid heating and cool¬ 
ing of the earth’s surface. 

Rainfall in dry climates is always 
meager and varies from year to 
year. Dependability of rainfall usu¬ 
ally decreases with decrease in yearly 
amount. For example, drouths are 
likely to be more frequent in a re¬ 
gion having an annual rainfall of 20 
inches than in one having 30 or 
40 inches. No part of the earth, as 
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Fig. 117. The billowing, wind-rippled forms of sand dunes in the American desert. Note the mud 
floor and some vegetation in the depressions, or pockets, where water has stood. The distant 
hills in this view are low mountains, not sand dunes. (Ewing Galloway .) 


far as is known, is absolutely rainless, 
although at Arica, on the Pacific 
coast of northern Chile, the average 
yearly rainfall was only 0.02 inch 
over a period of 17 years. During the 
entire 17 years only three showers 
were heavy enough to be measured. 

Relative humidity in the dry cli¬ 
mates, with a few exceptions, is low, 
ranging from 12 to 30 percent dur¬ 
ing the midday hours. The rate of 
evaporation is therefore high. The 
amount of sunshine is great, and 
cloudiness small. Direct, as well as 
reflected, sunlight from the bare, 
light-colored earth is blinding in its 
intensity. 

Dry regions tend to be windy 
places. The sparse vegetation offers 
little resistance to air movement (Fig. 


117). Strong convection currents dur¬ 
ing the day increase the strength of 
horizontal winds. The air is quieter 
at night, which is an aid to radiation 
of heat. 

Desert air is often murky with fine 
dust which fills the eyes, nose, and 
throat, causing serious discomfort. 
Much of this dust is carried beyond 
the desert to form the loess (wind¬ 
blown soils) of bordering regions. 
Heavier sand and rock particles 
travel close to the earth's surface. 
Such wind-blown sand carves some 
of the peculiar landforms of deserts. 

The dry climates may be subdi¬ 
vided as follows: 

1) Hot (low latitude) 

a) Desert 

b) Steppe 
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2) Cold in winter (middle lati¬ 
tude) 

a) Desert 

b) Steppe 

Low-latitude desert. The tropical 
deserts at their extreme margins 
range from about 15° to 30° of lati¬ 
tude. They tend to occupy centers 
and western (leeward) sides of the 
continent in the trades and subtropi¬ 
cal highs. It is well to remember that 
east coasts in the trades are humid 
and west coasts are relatively dry. 
Cool ocean currents along such west 
coasts intensify the aridity. The rea¬ 
son for this is explained in Chapter 
14. The principal low-latitude des¬ 
erts are (I) the Sahara in northern 
Africa, (2) Arabia, (3) Thar in north¬ 
western India, (4) the Sonora in 
northwestern Mexico and southwest¬ 
ern United States, (5) the Kalahari in 
southern Africa, (6) the Australian 
Desert, and (7) the Atacama-Peru- 
vian Desert along the coast of Peru 
and northern Chile. 

Temperature. The annual range of 
temperature in tropical deserts is rel¬ 
atively high. At Aswan, in the Sahara, 
the average July temperature is 95°, 
and the January temperature 61°, 
making a range of 34°. The large 
range is due to the. extremely hot 
summer and not to severe winter 
cold, as is the case in middle and 
high latitudes. Daily range of tem¬ 
perature averages 24° to 45° and in 
rare instances reaches 60° or 70°. 
The temperature in a single day in 
parts of the Sahara has been known 


to range from near freezing to 80° 
or 90°. 

During the months of high sun, 
scorching, dry heat prevails. The per¬ 
centage of sunshine is high. Yuma, 
Arizona, receives 97 percent of the 
possible sunshine in June. Midday 
temperatures of 105° to 110° are 
common at this season. At Yuma, in 
1914, the temperature went above 
100° for 80 consecutive days, except 
for 1 day. Night temperatures are by 
no means cool, the low readings usu¬ 
ally being around 70° to 75°. 

At the time of low sun the days 
are still warm, with the thermome¬ 
ter reaching 60° to 70°, but the 
nights are distinctly chilly, with min¬ 
imum temperatures in the neigh¬ 
borhood of 40°. At Insalah, in the 
Sahara, extreme temperatures for the 
year have been known to go as high 
as 124° and as low as 26°. It is possi¬ 
ble, therefore, for light frosts to oc¬ 
cur in parts of these low-latitude 
deserts. 

Precipitation. Annual rainfall in the 
hot deserts averages possibly 5 to 10 
inches, although over much of the 
Sahara it is less than 5 inches (Fig. 
118). The rain that does fall often 
comes in the form of violent con- 
vectional showers which do not cover 
a very great area. These heavy down¬ 
pours may do more harm than good. 
Dry stream beds are soon filled with 
raging torrents of water which may 
damage roads, bridges, or railroads. 
The immediate runoff of water is 
excessive. Such dash rains are of little 
value to the oasis farmer, who uses 
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water from springs and wells to irri¬ 
gate his crops. 

Evaporation, caused by high tem¬ 
peratures and low relative humidity, 
is high. If a pan of water is continu¬ 
ously exposed to the air, the amount 
evaporated from it may be more than 
20 times the annual precipitation. 
At Yuma the average evaporation 
during the hot months is 55 inches; 
the average rainfall during the same 
period is not quite I inch. Relative 
humidities as low as 2 percent, with 
temperatures over 100°, have been 
recorded in the Egyptian Sahara. It 
was the excessively dry air that al¬ 
lowed the Egyptians to mummify 
their dead. 

West-coast deserts in the tropics. 

The usual characteristics of tropical 
deserts are modified somewhat in the 
west-coast deserts where cool ocean 
currents parallel the shore (see map 
of ocean currents, Fig. 289). The 
presence of cool currents is especially 
marked along the desert coasts of 
Peru and northern Chile, the south¬ 
western coasts of Africa, and to a 
lesser degree the northwestern coast 
of Mexico, Temperatures along such 
coasts are therefore lower than those 
of inland deserts at the same latitude. 
Rainfall is extremely low. Callao, 
Peru, has an annual rainfall of 1.8 
inches. However, heavy fogs often 
produce dew and mist. As the cool 
ocean air drifts landward, the heat of 
the coastal desert soon evaporates the 
fogs, so that as a rule they do not 
extend very far inland. 

The high rate of evaporation is 
partly responsible for the preserva¬ 


tion of the deposits of sodium nitrate 
in northern Chile. Water, carrying 
the nitrate in solution, is evaporated 
from the desert surface, and the ni¬ 
trates remain as surface deposits. 




Fig. 118. Average monthly temperature at a 
representative station in a low-latitude desert. 

These nitrates have been shipped 
from Iquique and Antofagasta to all 
parts of the world. They are espe¬ 
cially valuable in the manufacture 
of explosives and commercial ferti¬ 
lizers. The nitrate industry of Chile, 
however, has suffered from the in¬ 
creased manufacture of commercial 
nitrates in other parts of the world. 

Desert surface. The most character¬ 
istic and extensive arid land cover is 
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Fig. 119. The pebbles and rock fragments of a desert pavement in western Nevada. (Photograph 
by John C. Weaver.) 


one of coarse stony or pebbly mate¬ 
rial (Fig. 119). Loose, shifting sand, 
often in the form of dunes or hills, 
covers portions of the desert (Fig. 
117). Oasis agriculture is found in 
limited areas where small deposits of 
water-carried, or alluvial, soil are 
available, provided there is a fairly 
reliable source of water near at hand. 


Where drainage is poor, the rapid 
evaporation of ground waters may 
result in the formation of white, 
alkali soils. Ground water carries 
chemical matter in solution. As the 
water evaporates, the white chemical 
compounds accumulate in the top¬ 
soil. This is like boiling salt water. 
The water boils away, but the salt 
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Jacobabad , India 
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Yr 

Range 

Temp 

SI 

62 

75 

86 

92 

98 

95 

92 

89 

79 

68 

59 

79 

41 

Precip 

0.3 

0.3 

0.3 

0.2 

0.1 

0.2 

1.0 

1.1 

1 

0.3 

0.0 

0.1 

0.1 

4.0 


William Creek , Australia 

Temp 

83 

83 

76 

67 

59 

54 

52 

*56 

62 

70 

77 

81 

68 

30.5 

Precip 

0.5 

0.4 

0.8 

0.4 

0.4 

0.7 

0.3 

0.3 

0.4 

0.3 

0.4 

0.3 

5.4 


Lima , Peru 

Temp 

71 

73 

73 

70 

66 

62 

61 

61 

61 

62 

66 

70 

66 

12.8 

Precip 

0.0 


0.0 


0.0 

0.2 

0.3 


0.5 

0.1 


0.0 

1.8 












Fig. 120. View down one of the canyons in Mesa Verde National Park, southwestern Colorado. 
Mesa Verde means green tableland. The top of the mesa is 1000 to 2000 feet above the sur¬ 
rounding territory. The cap rock is red sandstone, underlain by shale. The famous cliff dwellings. 


used by Indians hundreds of years ago, are in 
of the Interior.) 

remains in the pan. Alkali soils are 
worthless from the standpoint of crop 
production. 

In general, desert features are 
sharp and bold. The more resistant 
rocks may protrude above the gen¬ 
eral surface, sometimes forming me¬ 
sas or buttes (Fig. 120). Deep, steep¬ 
sided gullies are formed during the 
occasional torrential rains. Steep- 
walled gorges or canyons may be 
cut by larger streams, called exotic 
streams, which originate outside the 
desert in more humid lands. Most 
arid lands are able to support a scat¬ 
tered vegetation. Desert shrubs, such 
as sagebrush and creosote bush, pre¬ 
dominate over grassy or weedy plants. 
In places, various species of cactus 


the sandstone layer. (Courtesy U. S. Department 

form a considerable part of the vege¬ 
tation (Fig. 121). These arid-land 
plants are equipped both to resist 
and to endure drouth. Their feeding 
value is low, although in places goats 
and sheep are able to find sufficient 
forage. 

Life in deserts. Life in the true, 
tropical deserts is indeed hard. To¬ 
gether with certain snow- and ice- 
covered lands of high latitudes, these 
are the most sparsely populated re¬ 
gions of the earth. The blistering 
sun, low humidity, high winds, and 
sandstorms are factors that try the 
endurance of men. Caravans of cam¬ 
els are able to cross the larger deserts 
by carrying both food and water. 
Desert tribes in certain localities 
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tend to be nomadic, moving from 
place to place, seeking the meager 
resources offered by the arid land¬ 
scape. 



Fig. 121. The weird but beautiful plants of the 
Arizona desert testify that this soil is good 
though dry. In the foreground is a giant cactus. 
(Courtesy (J, S. Bureau of Recta motion.) 


of the Sahara the steppe lies between 
the desert and savanna climates. 
The semiarid regions in northern 
Australia, southwestern Africa, and 
northwestern India lie for the most 
part on the equatorward side of the 
tropical deserts. 

Rainfall in the steppes, like that 
in the deserts, is not only meager but 
also variable and not dependable. 
Humid years attract settlers, who 
later suffer from a series of dry years. 
Agriculture is safe only under irriga¬ 
tion. Temperature conditions are 
much the same as in the adjacent 
desert, with the exception that those 
steppes on the poleward margins 
have somewhat lower temperatures 
during the cool season. 

Low-latitude steppes as a whole 
are sparsely populated except in iso¬ 
lated, irrigated spots. During favor¬ 
able years the grazing of sheep and 
cattle may provide an occupation for 
a scattered population. Undependa¬ 
ble rainfall and high temperatures 
arc serious handicaps in these locali¬ 
ties. 


Low-latitude steppe. Low-latitude 
steppes are semiarid lands, located 
around the edges of the low-latitude 
deserts. In northern Africa the steppe 
lies between the Sahara and Mediter¬ 
ranean climates. On the south edge 


MIDDLE-LATITUDE DRY CLIMATES 

Middle-latitude desert. Middle-lati¬ 
tude deserts range from about 30° to 
45° in latitude. For the most part 
they lie in the deep interiors of the 


CLIMATIC DATA FOR LOW-LATITUDE STEPPE, BENGHAZI, TRIPOLI 
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Fig. 122. An arid basin in Nevada. Its deep alluvial filling has a glistening white crust of salt, 
and wind-blown salt clings to the rock island included within it. (Photograph by John C . Weaver.) 


great continents, far from the oceans 
which are the principal source of 
water vapor for the earth’s atmos¬ 
phere. In these latitudes Asia has the 
largest area of dry climates, and 
North America is next in order. 
Aridity results not so much from the 
influence of wind belts, as with the 
tropical deserts, as from location in 
the interiors of large landmasscs. 

It is significant that the middle- 
latitude deserts tend to occupy de¬ 
pressions, or basins, being sur¬ 
rounded or partly so by highlands or 
mountains. Thus the arid Great Ba¬ 
sin of Nevada is separated from the 
Pacific Ocean by the Sierra Nevada, 
and to the east lie the Wasatch and 
Rocky Mountains (Fig. 122). Much 
of the arid land of Asia is shut off 
from a possible source of water vapor 
from the Indian Ocean by the high 
Himalayas. The Gobi, Tarim, Dzun¬ 
garia, Russian Turkestan, and cen¬ 
tral Iran all are surrounded, in part 
at least, by highland rims. 

These deserts, then, are regions of 


rain shadow and descending winds, 
so that great aridity is the result. 
Another result of enclosure, com¬ 
bined with low elevation, is the very 
high temperature of summer months, 
sometimes reaching 90° to 110°. 

Patagonia, in Argentina, does not 
correspond in some respects to the 
foregoing description for middle- 
latitude deserts. There the main 
cause of aridity lies in the fact that 
much of southern Argentina is in 
the rain shadow of the Andes Moun¬ 
tains. A cool ocean current lying off¬ 
shore likewise induces aridity. South¬ 
ern South America is so narrow 
that marine influence is more pro¬ 
nounced, and temperatures in dry 
Patagonia are by no means so ex¬ 
treme as in the deserts of central 
Asia or North America. 

Temperature and precipitation. Mid¬ 
dle-latitude deserts have a much 
greater annual range of temperature 
than do the deserts of low latitudes. 
Summers are warm, and winters cold. 
In some places in the deserts of Asia 
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the January average temperature is 
around 0°, and the July average 
above 80°. 

During most of the year the daily 
range of temperature is considerably 
higher than in more humid regions 
at the same latitude. In winter, con¬ 
tinental anticyclones with descend¬ 
ing air are rather prevalent over the 



Fig. 123. A mirage is the result of refraction, 
or bending, of the light rays. An observer at 
A actually sees an image of the blue sky that 
comes to his eye along the path shown by the 
dotted line. This makes the basin appear to 
contain a lake. The same phenomenon often is 
seen when one looks down an automobile high¬ 
way. 

dry lands, producing cold, clear days 
with little precipitation. Winds blow¬ 
ing outward from these anticyclones 
carry low temperatures to localities 
situated farther south. In the United 
States a Great Basin high over Ne¬ 
vada, Utah, and Idaho may become 
anchored for 2 weeks or more in 
autumn or winter, warding off storms 
from the north and producing in the 
central states a period of delightful, 
fair weather. Summer heat tends to 
develop a seasonal low over the dry 
interiors of the continents, causing a 
general inflow of winds of monsoonal 
character. The continents are so vast 
in size, however, that moisture drawn 
inland is largely precipitated before 
it reaches the dry interiors. 


During the daylight hours in sum¬ 
mer, winds are unusually strong in 
middle-latitude deserts, a result of 
convection induced by high temper¬ 
atures. As with the tropical desert, 
rainfall is meager. Occasionally in 
winter the middle-latitude desert is 
covered with snow. Annual precipi¬ 
tation, however, is usually less than 
10 inches. Vegetation is necessarily 
scanty; and these regions, like the 
tropica] deserts, are among the very 
sparsely populated portions of the 
continents. 

Mirage. Although mirages have 
been observed in many parts of the 
world, they probably have been seen 
more often in desert and steppe 
lands than elsewhere. A mirage is 
due to the refraction, or bending, of 
light rays. In a flat, basin-like area, 
the air next to the earth may become 
much warmer than the air immedi¬ 
ately above. The two layers of air, 
having different temperatures, also 
have different densities. As light rays 
pass through these layers, they are 
refracted, or bent. A person looking 
toward the flat basin may be badly 
fooled. The basin may appear to 
contain a large lake. Actually, be¬ 
cause of the bending of light rays, 
he sees an image of the blue sky 
(Fig. 123). 

Middle-latitude steppes. Middle- 
latitude steppes are the semiarid 
lands between the middle-latitude 
deserts and the adjacent, more hu¬ 
mid regions. Temperature condi¬ 
tions are not greatly unlike those of 
the desert. The steppes, however, re¬ 
ceive more rainfall and are, there- 
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Fig. 124. A field of Atlas sorgo, a relative of kafir. These are valuable crops in the semiarid 
steppe lands of western Kansas and other plains states. Sorgo and kafir provide feed for several 
kinds of livestock. ( Courtesy Kansas State College of Agriculture and Applied Science , Manhattan.) 


fore, somewhat better fitted for hu¬ 
man settlement. Settlers are tempted 
to farm these semiarid lands (Fig. 
124). A succession of humid years 
may bring them partial success, but 
invariably a series of dry years will 
follow with disastrous effects. 

Location. In North America a con¬ 
siderable area of middle-latitude 


steppe climate extends from Texas 
to Canada, lying east of the Rocky 
Mountains (Fig. 125). Winters are 
much more severe in the north (east¬ 
ern Montana) than in the south. This 
is the high-plains region. Because of 
the rather level nature of the land 
and the scarcity of trees, strong winds 
prevail during most of the year. In 
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winter these high winds, together 
with near zero temperatures and 

MIDDLE-LATITUDE STEPPE 
LARAMIE, WYOMIN6 


i TO 

o 




Fig. 125. Average monthly temperature and 
precipitation for middle-latitude steppe station. 

snow, are elements of the “blizzards” 
that sometimes occur in the prairie 
states. In summer, hot south winds 
are extremely drying. The short 
grass that is the typical vegetation 
has added humus to the soil, so that 
over most of the region soils are 


fairly rich and, under irrigation, are 
very productive. As an illustration, 
the excellent sugar-beet region of 
eastern Colorado may be cited. The 
growth of grasses encourages the graz¬ 
ing of sheep and cattle. Wheat pro¬ 
duction in the region is a gamble 
with the weather elements. 

Two unique features of this cli¬ 
mate in North America should be 
mentioned. One is the dusts forms 
which originate in the “dust bowl” 
in southwestern Kansas and south¬ 
eastern Colorado, the dust being car¬ 
ried by southwest winds over the 
central states (Fig. 126). These storms 
are not troublesome except during a 
series of dry years. The other is the 



Fig. 126. A duststorm at Ulysses, in extreme 
southwestern Kansas. (Photograph by R. L. 
Gray, courtesy S. D. Flora, U. S. Weather 
Bureau, Topeka, Kan.) 

chinook wind, a warm wind that 
descends the eastern slopes of the 
Rocky Mountains and, especially in 
winter, causes a rapid rise in tem- 
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Fig. 127. Diagrammatic representation of chinook winds. In the Alps this wind is called the foehn. 


perature (Fig. 127). Mainly because 
of the uncertainty of rainfall, the 
region as a whole is rather sparsely 
populated. 

SUMMARY 

Tropical rainforest climate is hot 
and humid. There is no cool season. 
Average monthly temperatures differ 
little during the year. Convectional 
rainfall in the form of thunderstorms 
totals, in many places, 80 to 100 
inches per year. Among the more 
important economic products of this 
climate are raw rubber, cacao beans, 
bananas, coconuts, and cane sugar. 

Savanna lands are characterized by 
a wet season during high sun and a 
dry season during low sun. Native 
vegetation consists mainly of coarse 
grass and scattered trees. 

Low-latitude deserts have no win¬ 


ter. At high sun they are extremely 
hot; at low sun, warm. Middle- 
latitude deserts have a winter season 
and, therefore, a much higher an¬ 
nual range of temperature than do 
those of low latitudes. 

The difference between savanna 
and steppe is shown in the following 
table: 



Annual rainfall\ 
inches 

Vegetation 

Savanna 

30-60 

Tall grass and scat¬ 



tered trees 

Steppe 

1 

10-20 

i 

Short grass 


Chapter 7 continues with a discus¬ 
sion of the types of climate to be 
found in those parts of the world 
which are farther from the equator 
than the tropical rainforest or the 
trade-wind desert. 


QUESTIONS 

Tropical rainforest 

1. How is tropical rainforest climate distinguished from other humid 

climates? 
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2. What is the average annual temperature in tropical rainforests? Why 
is the annual range of temperature so low? 

3. Compare the daily range with the annual range of temperature. 

4. Make a statement concerning the amount and the seasonal distribu¬ 
tion of rain in the tropical rainforest. 

5. Why are conditions ideal for rain formation? What is the type ol the 
rainfall? 

6. Discuss the daily weather in regions of tropical rainforest climate. 

7. What types of clouds predominate in rainforest regions? 

8. What is the typical rainforest vegetation? How does the vegetation 
affect transportation? 

9. Mention a few economic crops and the areas of production. 

10. Discuss life in the tropical rainforest. 

11. How do white men combat tropical heat? fever? What is meant by 
enervating? 

12. What problem does the high humidity of the air in the rainforest 
regions introduce into the practice of air-conditioning? 

Savanna lands 

13. How does savanna rainfall differ from that of the rainforest? 

14. Savannas are influenced by what two wind belts? What is the effect of 
each? 

15. What and where are llanos? campos? Sudan? veldt? 

16. What three temperature periods are recognized in savannas? Which 
resembles the tropical rainforest? 

17. When does the wet season in the Sudan occur? Why? What is the type 
of the rainfall? 

18. What months constitute the wet season and the dry season in the 
savannas of the Northern Hemisphere? of the Southern Hemisphere? 

19. What is the effect of the dry season in savannas? 

20. Locate the principal upland savannas. 

21. Explain the cause of monsoon winds in southeastern Asia. 

22. Why does rainfall decrease from Calcutta toward the northwest? 
During what months is it heaviest? 

23. Why does Cherrapunji have such heavy rain? 

24. What is the typical vegetation of savannas? 

25. Mention several handicaps to the grazing of livestock in the savannas. 

26. Name a few economic products of savannas and at least one producing 
region for each. 

Dry climates 

27. What is the essential feature of a dry climate? 

28. In general, how does latitude affect rate of evaporation? 
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29. What are the two subdivisions of dry climates? 

30. Why is the daily range of temperature large in deserts? 

31. What is a general rule relating to dependability of rain? 

32. Locate Arica. What is the annual rainfall there? 

33. What are the characteristics of humidity, sunshine, and winds in dry 
climates? 

34. Name and locate the principal low-latitude deserts. 

35. Discuss annual and daily range of temperature in low-latitude deserts. 

3(i. What temperature extremes have occurred at Insalah? 

37. What causes a mirage? 

38. How much does evaporation exceed precipitation in some deserts? 

39. What peculiar characteristic has the climate of a west-coast tropical 
desert? 

10. How has climate probably contributed to formation of sodium nitrate 
deposits in northern Chile? 

41. Describe the desert surface. What is an oasis? 

42. What is an exotic stream? Give an example. 

43. Describe desert vegetation. 

44. Locate the low-latitude steppes. Why are they sparsely populated? 

45. What is the main cause of aridity in middle-latitude deserts? 

46. Where is the Great basin? It is bordered by what mountains? 

47. Name the desert regions of Asia. 

48. Where is Patagonia? Why is it arid? 

19. Contrast annual range of temperature in high-latitude and low-lati¬ 
tude deserts. 

50. What is the effect of an anticyclone over the Great Basin? 

51. Describe the climate of the Great Plains of North America. Are soils 
in general rich or poor? Where is the dust bowl? What are chinook winds? 

52. Where would evaporation be more severe, in the steppes of Montana 
or in the steppes of New Mexico? Why? What would be the effect on crop 
production? 

SUGGESTED ACTIVITIES 

1. Display in the classroom three maps of the world, one showing relief, 
another the planetary winds over the oceans, and a third the annual rainfall 
of the continents. Discuss as many relationships as possible. Note particu¬ 
larly the regions of orographic rainfall and rain shadow. 

2. Plot rainfall and temperature curves for selected places throughout 
the world. Paste these curves on a large outline wall map of the world with 
arrows pointing to the exact location of each place. 

3. If possible, purchase several large outline wall maps of the United 
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States. Use them to illustrate various climatic conditions throughout the 
country. 

4. Place a pan of water outside a window, and observe the rate of evap¬ 
oration. Repeat at different seasons of the year. Use a coarse screen to keep 
out birds. At the same time keep a record of sun altitude at noon and the 
approximate percentage of cloudy and clear weather. 

5. Paste or pin on a world map the names of tropical economic: products 
in those regions where they are produced in great quantities. 

6. Label the great deserts on a climatic map of the world. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 

1. Products of the Tropical Rainforest 

2. Life in the Amazon Basin 

3. Plantation Rubber of Malaya and the Last Indies 

4. Sugar-Cane Production in Cuba 

5. Cacao 

6. Central American Banana Plantations 

7. Coffee Production in Brazil and Central America 

8. The Llanos of Colombia and Venezuela 

9. Irrigation Projects in the Steppe Lands of North America 
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CHAPTER 7. 


Climates of Middle and 


High Latitudes 


“Rain changing to snow; much 
(older/' rims reads the weather fore¬ 
cast in February. A day or two later 
comes this warning: 

“Florida fruit growers should be 
prepared to protect trees against 
freezing weather.” 

Meanwhile, in California, the news 
stories tell of unusually heavy rains. 

Then comes spring, and we read, 
“Much warmer tomorrow; thunder¬ 
storm probable in afternoon.” 

Summer arrives, and there are oc¬ 
casional rains. Then, throughout 
much of central United States, a 
“spell” of hot, dry weather sets in, 
and much damage is done to glow¬ 
ing crops. 

All kinds of weather! Such is the 
nature of the middle latitudes, or in¬ 
termediate zones, which extend ap¬ 
proximately from the 30th to the 
65th parallel. Such variety is in sharp 
contrast to the monotonous, warm, 
humid weather of the tropical rain¬ 
forest. In the tropics, seasons are 
designated as wet and dry ; in the 
middle latitudes, as summer and 
winter . In the tropics, plants are dor¬ 
mant during the dry season; in the 


middle latitudes, during the cold, or 
winter, season. 

Cyclones and anticyclones move 
from west to east in the middle lati¬ 
tudes. They are largely responsible 
for the changeableness of the weather. 
In these regions the science of 
weather-forecasting is best developed 
and most useful. 

Our study of these latitudes begins 
with the type of climate that is found 
around the shores of the Mediter¬ 
ranean Sea. 

MEDITERRANEAN CLIMATE 

Blue skies, abundant sunshine, 
mild winters, and few rainy days are 
outstanding features of Mediterra¬ 
nean climate. With such an environ¬ 
ment usually is associated a great 
variety of fruits and flowers at all 
seasons. World regions having this 
type of climate are widely known for 
their numerous resorts and play¬ 
grounds. 

General features and location. Med¬ 
iterranean climate, also called sub¬ 
tropical dry-summer climate, in its 


157 




158 


THE EARTH AND ITS RESOURCES 


simplest form, has three principal 
characteristics: 

1) The precipitation is moderate 
to low in amount, and much of it 
falls in the-winter season, the sum- 


MEDITERRANEAN, ATHENS, GREECE 



Fig. 128. Average monthly temperature and 
precipitation for a representative station with 
Mediterranean climate. 


mer being nearly rainless (Fig. 128). 

2) The winter temperatures are 
mild, but the summers are warm to 
hot. 

3) There is much sunshine in all 
the seasons, but especially in the 
summer. 

This type of climate is located on 
the tropical margins of the middle 
latitudes. Especially is it found on 


the western sides of continents, in 
approximately the latitude of the 
subtropical highs. This climate, 
therefore, lies between the dry trades 
and subtropical highs on the one 
hand and the humid westerlies with 
their cyclonic storms on the other. 
In summer, tropical dry weather is 
in control; in winter, the changeable 
weather of the westerlies is the pre¬ 
vailing influence. This, then, is a 
transition climate between low-lati¬ 
tude steppes and deserts and the cool, 
marine, west-coast climate farther 
poleward. 

The major regions of Mediterra¬ 
nean climate are (1) the borderlands 
of the Mediterranean Sea, (2) central 
and coastal-southern California, (3) 
central Chile, (4) the southern tip of 
South Africa, and (5) parts of south¬ 
ern Australia. These areas lie roughly 
between 30° and 40° of latitude. In 
central Chile, mountains near the 
ocean shore confine this climate to a 
narrow coastal margin. Africa and 
Australia do not extend southward 
far enough to have any large areas of 
Mediterranean climate. 

Only in the region of the Mediter¬ 
ranean basin does this climate ex¬ 
tend far inland. In winter, the paths 
of cyclones move equatorward so 
that they cross southern Europe. 
This- probably is due to the relative 
warmth of the Mediterranean Sea. 
Over this sea there forms an elon¬ 
gated low-pressure area, or “trough.” 
This trough attracts the cyclones 
which penetrate eastward to Pales¬ 
tine and beyond, bringing cyclonic 







CLIMATES OF MIDDLE AND HIGH LATITUDES 


159 


weather and winter rainfall with 
them. 

Temperature. In a region having 
Mediterranean climate, more pleas¬ 
ant temperatures throughout the 
year are likely to be found along 
coasts than farther inland. Summer 
weather along shore is distinctly 
cooler. This is caused by the marine 
influence of ocean winds and, in 
some cases, by a cool ocean current 
that parallels the coast, for example, 
in California and Chile. Thus the 
average temperature of the warmest 
month at San Francisco is GO 0 , 
whereas at Red Bluff in the Sacra¬ 
mento Valley it is 80°. Winters along 
such coasts are unusually mild, frost 
being practically unknown. The cold 
months have average temperatures 
around 50° to 55°. Annual range of 
temperature is uncommonly small, 
approximately 10° at San Francisco 
and 11° at Valparaiso, Chile. Fogs 
are frequent, just as they are along 
desert coasts toward the equator. 

Farther inland, Mediterranean cli¬ 
mate is somewhat different. Winters 
are still mild, but summers are dis¬ 
tinctly hotter than in coastal regions. 
At Sacramento, in 1931, there were 
27 days in July and 16 in August 
with maximum temperatures above 
90°, highest readings sometimes 
reaching 105° to 110°. At night, how¬ 
ever, the thermometer may record 
55° to 60°, showing a great daily 
range. The relatively cool nights are 
greatly appreciated by the inhabit¬ 
ants of these regions. In summer the 
arid heat and glaring sunshine, to¬ 
gether with hot, desert-like winds 


and the parched condition of the 
vegetation, are disagreeable elements 
of the landscape. 

It is for the mild, bright winters, 
with delightful living temperatures, 
that Mediterranean climates are 
justly famed. People from more se¬ 
vere climates seek them as winter 
playgrounds and health resorts. Even 
interior locations have average cold- 
month temperatures 10° to 20° 
above freezing. (Sacramento 46°, 
Marseilles 43°, and Rome 44°.) In 
southern California, in January, 
midday temperatures rise to 55° or 
65° and at night drop to 40° or 45°. 
Flic growing season is not quite the 
whole year, because frosts occasion¬ 
ally occur during the three winter 
months, especially in valleys into 
which cold air sinks. Sensitive crops 
such as citrus fruits (oranges, lemons, 
grapefruit) are therefore planted on 
hillsides. Although severe frosts are 
rare, there have been instances when 
freezing temperatures have resulted 
in widespread disaster to orchardists. 
For that reason, various methods of 
combating low temperatures are em¬ 
ployed when necessary during the 
cold months. Prominent among such 
methods is the use of orchard heaters 
mentioned in Chapter 2. 

Precipitation. Mediterranean cli¬ 
mate is unique among world climates 
in that it is the only one of the hu¬ 
mid climates that has a summer 
drouth. Annual rainfall averages 15 
to 25 inches. There is a pronounced 
maximum during the cooler months, 
summer being nearly, if not abso¬ 
lutely, dry. The yearly amount in- 
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creases with latitude. Thus, San 
Diego has 10 inches of rain per year 
on the average; Los Angeles, 16; and 
San Francisco, 23. In all Mediterra¬ 
nean regions snow is so rare that it 
is a matter of considerable comment 
when it does fall. It is rather fortu¬ 
nate that the rains occur in the cool 
season. If they fell during the hot 
season, much more moisture would 
be lost by evaporation and thus 
would not be available for plant 
growth. 

The winter rainfall is due largely 
to the influence of cyclones which 
move farther equatorward at that 
season of the year. There are '‘spells 
of weather” when dull, gray skies 
prevail. Showers fall at intervals. Oc¬ 
casionally the rain becomes a down¬ 
pour for a short period, sometimes 
causing floods which do great dam¬ 
age. Thunderstorms seldom occui 
except possibly in the mountains or 
hills, two to four a year being the 
usual number in southern Califor 
nia. The winter rains brighten the 
landscape, the growth of vegetation 
changing the prevailing color from 
brown to shades of green. 

Seasonal weather. Summer weather 
changes little from day to day. It is 
characterized by clear skies, drouth, 
brilliant sunshine, high daytime tem¬ 
peratures, rapid cooling at night, 
and, except near the coast, low rela¬ 
tive humidity. Certain regions in 
Mediterranean climates are famous 
for sea breezes, winds that blow from 
sea to land and have a moderating 
effect on the intense heat. 

In autumn and winter the days are 


bright except for the occasional pe¬ 
riods of cloudy, rainy weather. Along 
coasts, fogs appear in the morning, 
but the sun evaporates them by 9 
or 10 o’clock. The coast of Califor¬ 
nia is one of the foggiest areas in the 
United States. 

Spring is a delightful season, fresh 
and yet warm. On the whole it is 
cooler than autumn. This is the time 
when many grains are harvested. As 
the season advances, rainy spells be¬ 
come rare, and the heat more intense. 

A low-pressure area crossing Eu¬ 
rope may draw hot winds northward 
from the Sahara. These winds, called 
siroccos, with temperatures of 100° 
or more and humidities of 10 to 20 
percent, may do serious damage to 
vegetation. 

Life in Mediterranean climate. Na¬ 
tive plants in Mediterranean climate 
are of necessity drouth resistant. 
Trees tend to be widely spaced, not 
tall, and covered with a thick bark 
which serves to retard evaporation. 
Leaves are small and leathery, char¬ 
acteristics that prevent rapid loss of 
water. Among these drouth-resistant 
trees is the valuable cork oak. Pro¬ 
duced mainly in Portugal and west¬ 
ern Spain, the bark of this tree fur¬ 
nishes the world’s principal supply 
of cork. 

In some localities the vegetation 
cover consists principally of a mix¬ 
ture of shrubs and bushes. This is 
the chaparral of California. Such a 
vegetation cover is not capable of 
supporting abundant animal life. 
However, the meager forage seems to 
be sufficient in many places for the 
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Fig. 129. Irrigating an orchard of almond trees in the Sacramento Valley, California. (Courtesy 
U. S. Department of Interior, Bureau of Reclamation.) 


needs of sheep and goats; and Medi¬ 
terranean lands, especially in south¬ 
ern Europe, are noted for their large 
numbers of these animals. 

Man combats the semiarid nature 
of Mediterranean climate by means 
of irrigation. Under the bright sun, 
vineyards and citrus-fruit orchards 
flourish (Fig. 129). In California, the 
rich soils that have accumulated at 
the base of mountain slopes are so 
utilized. The hot sun and dry air of 
the interior valleys are climatic fac¬ 
tors that are largely responsible for 
the development of the fruit-drying 
industry in certain localities, for ex¬ 
ample, around Fresno, California. 
The exporting of enormous quanti¬ 
ties of wine from countries border¬ 
ing the Mediterranean Sea is a direct 


result of a climate favorable to grape 
production. 

HUMID SUBTROPICAL CLIMATE 

Humid subtropical climate differs 
from dry subtropical, or Mediterra¬ 
nean, climate in three respects: 

1) It usually is located on the east 
sides of continents. 

2) It has more abundant rain. 

3) The rainfall is either well dis¬ 
tributed throughout the year or con¬ 
centrated in the warm season. 

These two subtropical types of 
climate have about the same lati¬ 
tudinal location, the humid east- 
coast type ranging from 25° to 40°. 
West coasts in the intermediate zones 
feel the marine influence of westerly 
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winds from the ocean. East coasts 
also experience westerly winds. How¬ 
ever, east coasts are subject to winds 
having a monsoon tendency, that is, 
winds blowing from sea to land in 
summer and from land to sea in 
winter. The larger the continent, the 
greater the extremes of temperature 
near its center. The greater the ex¬ 
tremes of temperature, the more 
pronounced will be the monsoon 
winds, because great temperature 
differences mean great pressure dif¬ 
ferences. Thus Asia and North 
America are continents in which the 
monsoon tendency is relatively well 
developed. The stronger the mon¬ 
soon tendency, the greater the con¬ 
centration of precipitation in the 
warm season. 

The larger areas of humid sub¬ 
tropical climate are (1) southeastern 
United States, (2) Japan and eastern 
China, and (3) northern Argentina, 
Uruguay, and extreme southern Bra¬ 


zil. Smaller areas are found in south¬ 
eastern Africa and Australia. 

Temperature. The temperature 
characteristics of humid subtropics 
are somewhat similar to those of 
Mediterranean climates, since they 
occupy about the same latitudes. 
However, warm ocean currents along 
east coasts prevent such cool, foggy 
weather as that of San Francisco and 
other west-coastal locations. 

Summers are warm to hot, typical 
average temperatures for the warm¬ 
est months being 75° to 80° (Fig. 
130). Relative humidity, as well as 
temperature, is high, producing a 
sultry, oppressive condition. Sensible 
temperatures, therefore, especially in 
summer, are higher in Florida than 
in California. Summer heat in the 
American Gulf states closely resem¬ 
bles that of the tropical rainforest. In 
the subtropical regions of China and 
Japan, Europeans and Americans 
frequently quit their usual places of 
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residence during the summer and go 
to high-altitude stations, as they do 
in the genuine tropics. Nights are hot 
and humid in contrast to the drier 
and cooler nights of Mediterranean 
climate. 

Winters in the humid subtropics 
are relatively mild. Cool-month tem¬ 
peratures average 40° to 55°. The 
annual range of temperature is, 
therefore, usually not great, ranging 
from 20° to 30°. Nights may be un¬ 
comfortably chilly because of high 
humidity and a temperature around 
40°. 

The growing season, or period be¬ 
tween killing frosts, is long, ranging 
from 7 months up to nearly, if not 
quite, the entire year. Freezing tem¬ 
peratures occur on only a relatively 
few nights in winter. The cold spells 
do serious damage to sensitive crops 
such as citrus fruits and sugar cane. 

Cold waves are more severe in the 
American Gulf states than in south¬ 
eastern China. This is because win¬ 
ter cyclones and anticyclones of 
North America are well developed 
and the level land surface permits 
the cold air from northern Canada 
to flow southward toward or even to 
the Gulf of Mexico (Fig. 131). The 
extreme southern tip of Florida is 
the only place in the United States 
where the thermometer has never 
been known to go as low as 32°. 

Precipitation. Rainfall is relatively 
abundant within the humid sub¬ 
tropics, annual amounts ranging 
from 30 to 65 inches. Rain falls 
throughout most of the year but, in 


general, is heavier in the summer 
months. 

Summer rainfall is mainly convec- 
tional, accompanied by thunder and 
lightning. The humid subtropical 
region of southeastern United States 
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Fig. 130. Average monthly temperature and 
precipitation for a representative station in the 
humid, or wet, subtropics. 


ranks high in thunderstorms, the an¬ 
nual number ranging from 60 to 90. 
Hurricanes and typhoons are late 
summer and early autumn storms 
characteristic of this climate. They 
bring torrential rains and floods, 
which, with high winds, may do tre¬ 
mendous damage. In the Swatow ty- 
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Fig. 131. Weather controls giving rise to killing frosts in the American humid subtropics. A well- 
developed anticyclone advancing from the northwest as a mass of continental polar air produced 
minimum temperatures of 20° at New Orleans and 8° at Memphis. The isotherm of 20° fairly 
well parallels the Gulf and South Atlantic coasts. 

phoon of August, 1922, it was esti- Snow falls occasionally but melts 
mated that 40,000 Chinese lost their within a day or two. 
lives, chiefly by drowning. Humid subtropics are highly pro- 

Winter rainfall is mainly cyclonic ductive. Without doubt, the humid 
in origin. It is usually associated with subtropics possess the most produc- 
a general and persistent cloud cover live climate of the middle latitudes, 
extending over wide areas. Because There is little restriction upon the 
of more numerous cyclones, winters kinds of crops that can be grown, 
are cloudier than summers. Gray, Winter cropping is nowhere impos- 
overcast days are unpleasantly chilly, sible. In southern China and Japan, 
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Fig. 132. Cotton-growing on the flat coastal plain of Texas. (Courtesy Agricultural Experiment 
Station, A. and M. College of Texas.) 


many of the fields are in use the en¬ 
tire year. The lack of a cold season, 
however, tends to increase crop 
losses from injurious fungus and in¬ 
sect pests. 

The abundant warmth and mois¬ 
ture cause an equally abundant vege¬ 
tation cover, usually of forests; al¬ 
though in regions of more moderate 
rainfall, grasses may replace trees. 
Grasslands, for example, predomi¬ 
nate in the Pampas of northern Ar¬ 
gentina. In China, the forests have 
been cut to such an extent that soil 
erosion and floods are serious prob¬ 
lems. The South Atlantic and Gulf 
states of America possess consider¬ 
able forest resources, although the 
stand of pine trees has rapidly di¬ 
minished, Much of the land from 


which southern pines are being re¬ 
moved is so poor that it is unfit for 
agriculture. 

In general, the forest soils of the 
Gulf states are not of high fertility. 
This is largely because of the solu¬ 
tion and removal of soil materials by 
abundant rains. 

It needs to be emphasized, how¬ 
ever, that in those areas where soils 
are fairly rich, humid subtropical 
climate is capable of tremendous 
agricultural production (Fig. 132). 
This is shown by the rice-producing 
delta regions of China and the black 
soils of the cotton belt of the United 
States. The supplying of northern 
markets with citrus fruits and off¬ 
season vegetables and the operation 
of winter resorts for tourists illus- 
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trate other opportunities for human 
occupation in the American Gulf 
states. 

MARINE WEST-COAST CLIMATE 

Marine climates occupy positions 
on western, or \windward, sides of 
middle-latitude continents, poleward 
from about 40°. Onshore westerly 
winds import to them conditions 
from the oceans. In their general at¬ 
mospheric characteristics, therefore, 
they are like the seas from which the 
imported air is arriving. Where land 
areas are relatively narrow, as with 
Great Britain, New Zealand, and 
Tasmania, the marine influence is 
felt inland as well as along the coast. 

Because of higher latitude, marine 
coasts are not subject to the very dry 
seasons found in Mediterranean cli¬ 
mates. Moreover, marine coasts are 
usually paralleled by relatively warm 
ocean currents. Evaporation of water 


from these currents increases the 
moisture content of the winds that 
move from sea to land in these re¬ 
gions. 

The depth to which marine west- 
coast climates penetrate inland de¬ 
pends upon the nature of the land 
surface. Where mountains closely 
parallel the west coasts, as in North 
America, South America, and Scan¬ 
dinavia, oceanic conditions are con¬ 
fined to relatively narrow coastal 
strips. But where extensive lowlands 
prevail, as in parts of western Eu¬ 
rope, the effects of the sea are carried 
well inland. 

Temperature. Summers are moder¬ 
ately cool and, although more or less 
ideal for human efficiency and com¬ 
fort, are somewhat too cool for the 
best growth of many cereal crops. 
These cool summers are in severe 
contrast to the hot summers of Medi¬ 
terranean and humid subtropical cli¬ 
mates. In these cloudy, rainy regions 
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the daily range of temperature is 
small. In Seattle the highest tempera¬ 
tures of the day in July average 73°, 
and the lowest average 51°. Occa¬ 
sional hot days occur, but prolonged 
hot waves are very few. 

Winters, on the whole, are abnor¬ 
mally mild for the latitude. Espe¬ 
cially is this true in western Europe 
where a great mass of warm water, 
known as the North Atlantic Drift, a 
continuation of the Gulf Stream, lies 
offshore. Thus, most marine parts of 
western Europe are 20° to 30° too 
warm in January for their latitudes. 
Hammerfest, on the coast of Norway, 
71°N, is an ice-free port, yet ice¬ 
breakers are required to keep open 
the harbor of Hamburg, 54°N but 
considerably inland from the Atlan¬ 
tic. It is rare for London to have a 
temperature below 15°. The irost- 
lree, or growing, season is unusually 
long for the latitude, being 180 to 
210 days in the American North Pa¬ 
cific coast region. 

Precipitation. Marine west coasts 
generally have adequate rainfall at 
all seasons (Fig. 133). The total 
amount varies, depending upon the 
surface features of the land. Over the 
lowlands of western Europe, the 
rainfall is only moderate, usually 20 
to 40 inches. On mountainous coasts, 
however, the total may reach 100 to 
150 inches. Europe is the only conti¬ 
nent where marine rainfall extends 
inland to any great distance. In 
North America heavy precipitation 
on the west side of the Cascades is 
counterbalanced by arid to semiarid 
conditions to the east. 


Rainfall on marine west coasts has 
two outstanding characteristics: (1) 
It is reliable, and drouths rarely oc¬ 
cur. (2) It is adequate for plant 
growth at all seasons. Usually there 
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Fig. 133. Average monthly temperature and 
precipitation for a representative station in 
marine west-coast climate. 


is no marked dry season. In some 
places, especially along mountain 
coasts, winter precipitation is much 
heavier than that of summer. Snow¬ 
fall is not abundant over the low¬ 
lands of northwest Europe because 
of temperatures that are prevailingly 
above freezing. On the western slopes 
of the Cascades, however, 300 to 400 
inches of snow fall on the average 





168 


THE EARTH AND ITS RESOURCES 


each year. Snowfall is likewise heavy 
in the southern Andes, in the moun¬ 
tains of New Zealand, and along the 
coast of British Columbia and south¬ 
ern Alaska. 

Marine coasts are well known for 
cloudy weather. The Puget Sound 



Fig. 134. This large California redwood tree 
(Sequoia sempervirens ) is more than 12 feet in 
diameter, measured 5 feet above the ground. 
(Courtesy U. S. Forest Service.) 


region has the greatest cloudiness and 
least sunshine of any part of the 
United States. Over wide areas of 
western Europe, cloudiness is greater 
than 70 percent, the sun sometimes 
being hidden for several weeks in 
succession. Evaporation, therefore, is 
very low, so that small amounts of 
rainfall are very effective for plant 
growth. Relative humidity is almost 
always high. 


Productivity of marine west coasts. 

In this mild, humid climate, forests 
and pasture lands are of excellent 
quality. The finest stand of timber 
in the United States is found along 
the northern Pacific coast. In north¬ 
ern California, occupying the foggy, 
western slopes of the Coast Ranges, 
are the great redwood forests (Fig. 
134), but pines and cedars prevail in¬ 
land. Farther north, in Oregon, 
Washington, and southern British 
Columbia, Douglas fir is the out¬ 
standing tree, being the most im¬ 
portant timber tree of the Pacific 
coast forests. North of about latitude 
50°, in British Columbia and Alaska, 
fir is less abundant, and spruce and 
western cedar become the dominant 
timber trees. Of the remaining stand 
of saw timber in the United States, 
about 60 percent is in the Pacific 
coast forests. 

The cool, damp climate of marine 
west coasts is well suited to the 
growth of many grasses. The excel¬ 
lent pasture lands that abound in 
some regions have encouraged live¬ 
stock production. Thus, most of the 
breeds of fine livestock have been de¬ 
veloped in the countries of western 
Europe. 

Soils in regions of marine west- 
coast climate vary considerably but, 
in general, are only moderately fer¬ 
tile. The various types of soil are re¬ 
sponsible to some extent for the va¬ 
riety of agricultural crops produced. 
The forest soils in general are supe¬ 
rior to those of the tropical rain¬ 
forest. In many places the soils have 
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been influenced considerably by past souri to southern Canada and from 
glaciation. Especially in Oregon and central Kansas to the Atlantic. 
Washington, many of the more fer- This severe climate is land con- 
tile valleys are important fruit-pro- trolled. It is carried to the east mar- 
ducing regions, an example being the gin of the continents by westerly 
Rogue River Valley. winds. The east coasts do not experi¬ 

ence quite so severe temperature 
HUMID CONTINENTAL CLIMATE changes as do the mid-continental 

areas, but their climate is, neverthe- 
Humid continental climates are less, much more continental than 
limited to North America and Eur- marine. A third segment of this cli- 
asia. There is no landmass in the matic type is found in North China, 
south intermediate zone sufficiently Manchuria, and southeastern Sibe- 
large to have this type of climate. In ria. 

Europe, marine climate extends to Temperature. Warm to hot sum- 
eastern Germany, where it gradually mers and cold winters are character- 
changes to humid continental. In istic of the regions that have humid 
North America mountain barriers continental climate. The annual 
that parallel the western coast cause range of temperature is, therefore, 
arid to semiarid conditions over large (Fig. 135). The monsoon tend- 
much of the western half of the con- ency, with southerly winds in sum- 
tinent. Therefore humid continen- mer and northerly winds in winter, 
tal climate is found mainly in the tends to increase the extremes of 
eastern half of North America, ex- temperature. In general, the severity 
tending roughly from southern Mis- of the climate increases from south 
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to north and from coast to interior. 
Higher humidity along the Atlantic 
seaboard causes summer heat to be 
more oppressive and sultry and the 



winter cold more raw and penetrat¬ 
ing than are the drier extremes of 
the interior. Temperature contrasts 
from south to north are much greater 
in winter than in summer. Between 
St. Louis and Winnipeg the January 
contrast amounts to 34°; in July it is 
only 13°. 


Precipitation. In humid continen¬ 
tal climates, the maximum precipita¬ 
tion usually occurs in the summer, 
although winters are not necessarily 
dry (Fig. 136). The summer maxi¬ 
mum is due to (1) the monsoonal 
tendency, as a result of which south¬ 
erly winds blowing from sea to land 
carry great quantities of water vapor 
inland, (2) the resulting increased 
absolute humidity in summer, and 



(3) strong convection owing to high 
temperatures. The warm-season rain¬ 
fall is mainly convectional, a con¬ 
siderable percentage falling as the 
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Fig. 137. Winter snow scene on a typical farm in the American corn belt. 


heavy downpours of thunderstorms. 
In winter, in addition to low ab¬ 
solute humidity, anticyclones with 
winds blowing from land to sea 
check the importation of water vapor 
from the ocean and sometimes retard 
the passage of lows across the conti¬ 
nent. 

The economic importance to agri¬ 
cultural production of having the 
year's rainfall relatively concentrated 
in the growing season cannot be over¬ 
estimated. Since these climates have 
a pronounced winter season, it is 
highly essential that periods of suf¬ 
ficient warmth and sufficient rainfall 
coincide. The great American Mid¬ 
dle West is a highly productive agri¬ 
cultural region. This would not be 
the case if its rainfall were like that 
of southern California. 

Winters in humid continental cli¬ 
mates are characterized by periods of 


cloudy, cyclonic weather. Precipita¬ 
tion may be in the form of rain or 
snow and occasionally sleet (Fig. 
137). It takes 5 to 15 inches of snow 
to equal 1 inch of rain. A snow cover 
is of economic importance on fields 
planted to winter wheat, because it 
adds moisture to the soil and, owing 
to its low conductivity, it prevents 
the ground from becoming exces¬ 
sively cold. The snow, acting as a 
sort of blanket, helps to prevent win¬ 
ter freezing of the wheat. 

Another effect of a snow cover is, 
of course, to reduce winter temper¬ 
atures. The sun’s heat is reflected 
from the white surface during day¬ 
light hours, whereas, in contrast, a 
field of black soil absorbs much heat. 
Night temperatures drop noticeably 
because the snow has prevented the 
warming of the earth’s surface dur¬ 
ing the day. 



172 


THE EARTH AND ITS RESOURCES 



Fig. 138. Average number of days with snow cover. On the average, how many days during 
the year does snow remain on the ground at Key West, Florida? at Washington, D. C.? on the 
California coast at the same latitude as Washington, D. C.? at Boston, Massachusetts? at Port¬ 
land, Oregon? at Duluth, Minnesota? at Yellowstone National Park, located in northwestern 
Wyoming? Contrast duration of snow cover in Arizona and South Carolina. (From "Climate and 
Man " 1941 Yearbook of U. S. Department of Agriculture .) 


In those parts of northeastern 
United States and Canada where 
winter cyclones are particularly nu¬ 
merous and well developed, such as 
the upper Great Lakes region, the St, 
Lawrence Valley, New England, and 
the Canadian maritime provinces, 
snow becomes excessively deep. Thus 
northern New York and parts of 
New England have more than 7 feet 
of snowfall during an average winter, 
and the snow cover remains on the 
ground for more than 4 months. In 
parts of the Adirondack Mountains 
150 inches or more of snow falls an¬ 
nually. Over the American Great 
Plains, on the other hand, the fall of 


snow amounts to only 20 or 30 inches 
(Figs. 80, 138). 

Seasonal weather. In no other cli¬ 
mate are rapid and irregular weather 
changes so characteristic as in the 
humid continental. These “spells of 
weather,” caused by the passage of 
lows and highs, are numerous on 
marine west coasts, but in those loca¬ 
tions temperature changes are not so 
severe. In eastern United States in 
particular, storm control is especially 
strong. 

It is in the cold season, when 
storm tracks move south, that ex¬ 
treme weather changes occur. At that 
season sun control is much less domi- 
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nant than that of moving cyclones 
and anticyclones. Changes in baro¬ 
metric pressure and wind velocity 
are greater than in summer. Daily 
temperatures often depend upon the 
direction of the wind. Thus a north 
wind one day with near zero weather 
may be followed next day by a south 
wind with temperatures 20° to 30° 
higher, and vice versa. Both lows and 
highs tend to move faster and to be 
larger, more frequent, and better de¬ 
veloped in winter than at any other 
season. In the United States there is 
a distinct concentration of winter 
storm tracks over the northeastern 
states, so it is this region which ex¬ 
periences the most frequent weather 
changes. In far continental interiors, 
strong highs tend to develop, causing 
steady cold weather and checking the 
activity of moving cyclones. Mixed 
with clear weather are periods of 
gray days with a stratus cloud cover¬ 
ing from which little or no precipita¬ 
tion falls. 

A blizzard is a severe winter storm 
which occurs in central North Amer¬ 
ica and in Russia. It is not merely a 
heavy snowstorm. It is a combination 
of strong winds, zero cold, and drift¬ 
ing, powdery snow. Actually, there 
may be no precipitation falling at 
the time, yet the air is filled to a 
height of several hundred feet by 
swirling masses of dry, finely pul¬ 
verized snow, whipped up from the 
freshly fallen cover. Sometimes the 
sun can be seen shining wanly 
through the shroud of flakes. These 
storms are dangerous to both man 
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and beast who may be caught long 
distances from shelter. 

On the weather map of the United 
States this type of storm is associated 
with a well-developed low over the 
central states followed by a high from 
western Canada and Montana. The 
bitter cold of the continental polar 
air mass in the high may be 20° to 
40° below zero or even lower. The 
cold front advances over the country 
from west to east, the strong north¬ 
west winds often reaching the Gulf 
states. More frequent and widespread 
is the cold wave of winter in the 
United States. The temperature usu¬ 
ally drops some 20° in 24 hours and 
remains near zero for several days. 
The sharp drop in temperature, 
which is the cold wave, occurs when 
the wind shifts from an easterly di¬ 
rection to the northwest. 

Summer weather is dominated by 
the sun. Storm tracks move north¬ 
ward. Weather is more uniform from 
day to day than in winter. Tempera¬ 
tures are much the same over wide 
areas. Cyclones and anticyclones are 
weaker and less frequent. Clear, 
windy days are followed by hot, stag¬ 
nant nights. On days of weaker winds 
and higher humidity, heat thun¬ 
derstorms may develop during the 
warmer hours. 

Hot waves result from southerly 
winds combined with high sun and 
clear skies which drive midday tem¬ 
peratures to 100° or above over vast 
areas. Such conditions are brought 
about by a stagnant high in the south 
and a slow-moving, weak low, with 
little cloudiness, to the north. Anti- 
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cyclones with cool, northerly winds 
are indeed welcome following such 
trying periods of blistering heat. 
Long, hot spells of summer weather 
without rain constitute the dreaded 
drouth of central and eastern United 
States. The damage done by these 
dry periods to agricultural crops and 
livestock may run into millions of 
dollars. 

Spring and autumn are transition 
seasons. Spring especially is noted for 
“fickle” weather. It is the season 
when the sun is trying to reestablish 
its control over cyclones, and the 
struggle results in sharp and peculiar 
changes in weather. In February or 
March, owing to abnormally warm 
weather, the buds of fruit trees may 
swell and then be killed by a later 


period of freezing temperatures. Au¬ 
tumn includes some of the loveliest 
days of the year but likewise some 
of the rawest, gloomiest weather. A 
temporary return of warm, sunny 
days with cool nights in October and 
early November brings the much 
cherished Indian summer. 

Humid continental climate is di¬ 
vided into two subtypes: long-sum¬ 
mer subtype and short-summer sub- 
type. 

Long-summer subtype. This long- 
summer phase (Fig. 136) is some¬ 
times called corn-belt climate, be¬ 
cause much of the world's commer¬ 
cial corn crop is grown in regions 
having its imprint. It is also called 
the oak-maple-hit kory climate , be¬ 
cause such trees dominate the hard- 


CLIMATIC DAT A—LONG-SUMMER SUBTYPE 


Peoria , Illinois 
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Temp 

24 

28 

40 

51 

62 

71 

75 

73 

65 

53 

39 

28 

50.8 

51.6 

Precip 

1.8 

2.0 

2.7 

3.3 

3.9 

3.8 
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3.8 

. 

3.2 

3.8 

2.4 

i 

2.4 

j 

2.0 

34.9 


New York City 

Temp 

31 

31 

39 

49 

60 

69 ’ 

74 

72 

67 

56 

44 

34 

52.1 

43.0 

Precip 

3.3 

3.3 

3.4 

3.3 

3.4 

3.4 

4.1 

4.3 

3.4 

3.4 

3.4 

3.3 

42.0 






Bucuresti (Bucharest), Rumania 






Temp 

26 

29 

40 

52 

61 

68 

73 


M 






Precip 

! .2 

1.1 

1.7 

2.0 

2.5 

3.3 

2.8 


1 





pi 

Peiping^ China 

Temp 

24 

29 

41 

57 

68 

76 

79 

77 

68 

55 

39 

27 

53 

55 

Precip 

0.1 

0.2 

0.2 

0.6 

1.4 

3.0 

9.4 

6.3 

2.6 

0.6 

0.3 

0.1 

24.9 
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wood forests found over much of 
these areas. In the United States this 
subtype covers a tier of states from 
central Kansas and Nebraska to the 
Atlantic coast, including, in addition 
to the two states mentioned, Iowa, 
Missouri, Illinois, southern Wiscon¬ 
sin and Michigan, Indiana, Ohio, 
Pennsylvania, southern New York, 
and the coast states from southern 
New England to about Maryland. 
The American corn belt lies within 
its borders. 

In Europe this climate prevails 
only in the south central portions of 
the continent: the Danube and Bal¬ 
kan states and the Po Valley of Italy. 
It is on the plains of the Danube and 
in the Po Valley that much of Eu¬ 
rope’s corn crop is grown. The third 
principal region is in eastern Asia, 
including northern China, southern 
Manchuria, most of Korea, and 
northern Japan. In this Asiatic area, 


monsoon winds and rainfall are par¬ 
ticularly well developed. 

Since these regions occupy the 
southern portions of the areas having 
humid continental climate, they ex¬ 
perience a relatively long growing 
season of 5 to 7 months and only 
moderately severe winters. At St. 
Louis, Missouri, the thermometer 
seldom records zero. Summers are 
likely to be hot and humid, resem¬ 
bling very much the tropical rain¬ 
forest climate of the Amazon Valley. 
Because the wind dies with the sun¬ 
set, nights tend to be warm and hu¬ 
mid, making sleep indoors a difficult 
matter. In the crowded tenement dis¬ 
tricts of large cities, people abandon 
the hot, sultry air inside their homes 
and seek the open parks, where they 
spend the night. During this season 
many city-dwellers enjoy their vaca¬ 
tions in the north woods or on the 
cool slopes of the Rocky Mountains. 


CLIMATIC DATA-SHORT-SUMMER SUBTYPE 


Madison , Wisconsin 
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Yr 

Ratigt 

Temp 

17 

20 

31 

46 

58 

67 

72 

70 

62 

50 

35 

23 

45.8 

55.5 

Precip 

1.5 

1.5 

2.1 

2.6 

3.7 

3.9 

3.8 

3.2 

3.6 

1 

2.4 

1.8 

1.6 

31.6 



Moskva ( Moscow ), U.S.S.R. 


Temp 

12 

15 

23 

38 

53 

62 

66 

63 

52 

40 

28 

17 

39.0 

53.8 

Precip 

1.1 

1.0 

1.2 

1.5 

1.9 

2.0 

2.8 

2.9 

2.2 

1.4 

1.6 

1.5 

21.1 



Harbin , Manchuria 


Temp 


B 

24 

42 

56 

66 


69 

58 

40 

21 

3 

37.9 

73.8 

Precip 

0.1 

m 

0.4 


1.7 

3.8 

4.5 

V 

4.1 

1.8 

1.3 


0.2 

19.3 
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Fig. 139. This harvest of wheat near Saskatoon, Saskatchewan, Canada, was planted in the 
spring. Winter wheat, in localities such as Kansas, Missouri, and Illinois, is planted in early autumn. 


Short-summer subtype. This more 
severe phase of humid continental 
climate lies north of the long-summer 
subtype and between it and subarctic 
climate. It is sometimes referred to 
as the spring-wheat type, because of 
the prevalence of this cereal in cer¬ 
tain areas (Fig. 139). In North Amer¬ 
ica this climate extends from south¬ 
ern Alberta* North Dakota, and Min¬ 
nesota eastward to the Atlantic. In 
Eurasia it includes most of Poland, 
eastern Germany, the small Baltic 
states, and a large part of the central 
Russian plain between 50° and 60° 
of latitude. A third area appears in 
northern Manchuria and southeast¬ 
ern Siberia. 

Summers are usually warm for a 
few months, but the climate is handi¬ 
capped by the short duration of the 


growing season—3 to 5 months. The 
long summer days in these high lati¬ 
tudes somewhat offset this disadvan¬ 
tage. The cooler summer weather of 
these regions is an asset in one re¬ 
spect: it attracts thousands of tourists 
from more southerly localities. The 
long winter is the dominant season. 
January and February temperatures 
hover in the neighborhood of zero 
much of the time. At Winnipeg in 
January, daily maximum tempera¬ 
tures average 6°, and minimum tem¬ 
peratures — 14° (Fig. 140). Annual 
precipitation in these regions is usu¬ 
ally less than in the long-summer 
subtype, owing partly to greater dis¬ 
tance from the sea. Because of con¬ 
tinuous low winter temperatures, the 
snow cover remains on the ground 
for long periods of time. 
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Productivity. Humid continental 
climate at present is one of the great¬ 
est producing climates of the earth. 
The original natural vegetation con¬ 
sisted mainly of a mixture of tail- 
grass prairie and deciduous wood¬ 
lands. Tree growth was more pro¬ 
nounced in the more humid areas 
and along streams. In the virgin state, 
the prairies provided some of the 
finest natural grazing lands on the 
earth. Most of these grasslands, how¬ 
ever, have long been under cultiva¬ 
tion. They are excellent producers 
of field crops, especially the cereals, 
such as corn, wheat, oats, barley, and 
rye. The production of corn, to¬ 
gether with certain hay and forage 
crops, early encouraged the fattening 
of livestock, which in turn brought 
into existence the huge meat-packing 
industry. 

Excellent forests existed at one 
time in this type of climate in both 
Europe and North America. The 
northern part of the central hard¬ 
wood-forest belt of the United States 
lies in the long-summer subtype of 
this climate. Oak, maple, hickory, 
and birch are a few of the abundant 
and valuable deciduous trees of this 
belt, which extends from western 
Missouri northeastward to Pennsyl¬ 
vania. Large parts of this forest were 
destroyed in the process of early set¬ 
tlement of the central states. Excel¬ 
lent forests of Norway pine, white 
pine, spruce, fir, hemlock, and other 
trees originally extended from New 
England to Minnesota. These fine 
forests were early attacked by lum¬ 


ber companies, as they gradually ad¬ 
vanced from east to west. The re¬ 
maining stand of pine in Michigan, 
Wisconsin, and Minnesota today is 
less than 2 percent of the original. 
In the Lake states alone there are 25 
to 30 million acres of cut-over coun¬ 
try, much of it of little value except 
as potential forest or resort land. 



Fig. 140. Daily maximum and minimum tem¬ 
peratures for the extreme months at a repre¬ 
sentative station in humid continental climate 
with short summers. (Courtesy Mark Jefferson 
and "Geographical ReviewSO 

Some of the richest soils in the 
world are found in regions of humid 
continental climate. These excellent 
soils have resulted largely from the 
annual growth and decay of grasses 
over a long period of time. In gen¬ 
eral, grassland soils are richer than 
those of forested areas. Probably the 
richest soils in North America are 
found in the so-called “black-earth 
belt” which occupies the tier of states 
from North Dakota to Texas. Simi¬ 
lar soils are found in parts of Russia, 
especially in the region north of the 
Black Sea. Soils in the northerly por- 
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lions of this climatic type more 
clearly show the effects of the great 
continental glaciers which moved 
southward from certain northern 
parts of Europe and North America. 

SUBARCTIC CLIMATES 

Subarctic is the extreme in conti¬ 
nental climates, having the largest 
annual range of temperature on the 
earth. It is found only in the north¬ 
ern parts of North America and 
Eurasia, largely because of the fact 
that these great landmasses undergo 
greater changes in temperature with 
the change of seasons than do large 
water bodies at similar latitudes. The 
poleward boundary of subarctic cli¬ 
mate is approximately the isotherm 
of r>0° for the warmest month (usu¬ 
ally July) and closely coincides with 
the northern limit of tree growth. 
Beyond this isotherm, in the tundra, 


lowly forms of vegetation, such as 
mosses, lichens, and bushes, predom¬ 
inate. To the subarctic lands of Eur¬ 
asia, with their extensive coniferous 
forests, the Russians have given the 
name taiga (tl'ga). 

Yakutsk, Siberia, nearly G2°N, rep¬ 
resents the extreme in subarctic cli¬ 
mate. The warmest month, July, has 
an average temperature of 66°, which 
is higher than the same month at 
Berlin, London, or San Francisco. 
Midday temperatures often reach 80° 
to 90°. This is due largely to the long 
summer days, long twilight, and very 
short period of real darkness. For 
example, at latitude T)5°N, June days 
average 17 hours of possible sun¬ 
shine; and at 65°N, 22 hours. In the 
more northerly portions of the sub¬ 
arctic lands at the time of the sum¬ 
mer solstice, one can read a paper 
outdoors even at midnight. 

The length of the growing season 


CLIMATIC DATA—SUBARCTIC CLIMATE 


Fort Vermilion , Albert a y Canada 
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Temp 

-14 

-6 

8 

30 

47 

55 

60 

57 

46 

32 

10 

-4 

26.7 

74.3 

Precip 

0.6 

0.3 

0.5 

0.7 

1.0 

1.9 

2.1 

2.1 

1.4 

0.7 

0.5 

0.4 

12.3 


Moose Factory , Ontario , Canada 

Temp 

—4 

, 

-2 

10 

28 

42 

54 

61 

59 

51 

39 

22 

5 

30.4 

65.6 

Precip 

1.3 

0.9 j 

! 

1.1 

1.0 

1.8 

2.2 

2.4 

3.3 

2.9 

1.8 

1.1 

1.1 

21.0 


Yakutsk , Siberia , U.S.S.R. 

Temp 

— 46 

-35 

-10 

; 16 

41 

59 

66 

60 

42 

16 

-21 

-41 

12 

112 

Precip 

0.9 

0.2 

0.4 

| 0.6 

1.1 

2.1 

1.7 

2.6 

1.2 

1.4 

0.6 

0.9 

13.7 
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Fig. 141. Taiga in the ice-scoured region of Canada. The meager soil cover permits only a thin 
stand of trees. (Courtesy Royal Canadian Air Force.) 


is only 50 to 75 days, and winter fol¬ 
lows rapidly on the heels of summer. 
Even in July and August* freezing 
temperatures sometimes occur. A 
shift of the wind to the north brings 
with it the chill of the ice-laden 
arctic. Such conditions are serious 
handicaps to agricultural develop¬ 
ment and have contributed largely 
to slow permanent settlement within 
subarctic regions. 

Siberia holds the record for low 
temperatures at low elevations. Ver¬ 
khoyansk, in the northeastern part, 
boasts an average January tempera¬ 
ture of —59°, with an absolute mini¬ 
mum of —90° recorded in February, 
1892. This, of course, is an extreme 
case. At Yakutsk, where July aver¬ 
ages 66°, January averages —46°, 
making an annual range of 112°. 


Concerning the Siberian winter, 
Hann writes: 

It is not possible to describe the ter¬ 
rible cold one has to endure; one has to 
experience it to appreciate it. The 
quicksilver (mercury) freezes solid and 
can be cut and hammered like lead; 
iron becomes brittle, and the hatchet 
breaks like glass; wood, depending 
upon the degree of moisture in it, be¬ 
comes harder than iron and withstands 
the ax, so that only completely dry 
wood can be split. 

Winter weather in similar lati¬ 
tudes of North America, however, is 
not quite so severe as that of Siberia. 

Subarctic Eurasia and North 
America are largely covered by taiga, 
softwood forests which rank among 
the most extensive and least known 
wildernesses of the earth (Fig. 141). 
Conifers, mainly spruce, fir, larch, 
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and pine, occupy in the neighbor¬ 
hood of 75 percent of the area. Al¬ 
though the extent of these forests is 
very great, their economic value is 
not to be overemphasized. Trees are 
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Fig. 142. Average monthly temperatures and 
precipitation for a representative tundra station. 

not closely spaced, and even in the 
southern portions of the region their 
diameters rarely exceed 1 % feet. 
These forests are the home of some 
of the earth’s most important fur¬ 
bearing animals, many of which are 
being killed at an alarming rate. In 
general, the subarctic is a region of 
inferior soils, because the long, cold 
winters retard many of the processes 
of soil formation. 


TUNDRA CLIMATE 

The most extensive tundra areas 
are the Arc tic Sea margins of North 
America and Eurasia. Most of the 
islands north of Canada and the 
coastal fringe of southern Greenland 
are likewise included. There is very 
little tundra in the Southern Hemi¬ 
sphere. 

Long, bitterly cold winters and 
very short, cool summers are the rule 
(Fig. 142). Along the arctic coasts of 
Siberia, average January and Febru¬ 
ary temperatures are in the neigh¬ 
borhood of —35° or —40°. Winter 
temperatures are not so severe along 
the northern coast of North Amer¬ 
ica. Raw and chilly, the warmest 
months of the tundra, which average 
around 35° to 45°, resemble March 
and April in middle-western United 
States. Usually only 2 to 4 months 
have average temperatures above 
freezing, and killing frost is likely to 
occur at any time. Because of the 
unusually long, cold season, the sub¬ 
soil is permanently frozen. Fog some¬ 
times lasts for days at a time. The 
snow cover begins to disappear in 
May, and the lakes are usually rid of 
their ice cover in June. Bog- and 
swampland dominate the landscape. 
Myriads of mosquitoes and black 
flies make life almost unbearable for 
man and beast alike during the sum¬ 
mer period of wet earth. Precipita¬ 
tion is not over 10 or 12 inches for 
the year and shows a summer maxi¬ 
mum. 

Reindeer, or caribou, are to the 
arctic tundra what camels are to the 
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tropical desert. These animals, to¬ 
gether with the musk ox, feed upon 
native vegetation, such as mosses, 
lichens, sedges, and in some localities 
flowering and bushy plants, together 
with stunted birches, willow, and 
aspen. 

For the arctic peoples, reindeer 
provide food, clothing, transporta¬ 
tion, and shelter. The herds, which 
sometimes number several hundred, 
are migratory, covering wide areas in 
their search for food. Eskimos, who 
inhabit the coasts of tundra lands 
and who live mainly upon sea foods, 
are learning to tend reindeer herds 
in parts of Alaska. Some of the rein¬ 
deer meat is exported to Pacific coast 
ports of the United States. 

ICE-CAP CLIMATE 

This is the least known of the 
world’s climatic types. It is found 
over the permanent continental ice 
sheets of Antarctica and Greenland 
and over the frozen ocean in the vi¬ 
cinity of the North Pole. Only lim¬ 
ited climatic data are available from 
these deserts of snow and ice where 
the average temperature of no month 
is above 32°. The average tempera¬ 
ture of an entire year in the tropical 
rainforest is 75° to 80°, but that of 
the interior of the Greenland ice cap 
is estimated at —25° and at the 
South Pole probably colder. Decem¬ 
ber and January, two of the warmest 
months at the South Pole, have been 
found to have averages of about 
- 10 °. 

Precipitation is meager and almost 


entirely in the form of snow, much 
of which consists of dry, sandlike 
particles. Expeditions of Admiral 
Richard E. Byrd into the antarctic 
have shown that this region has the 
coldest warm season on earth. Near 
the edges of Antarctica, severe bliz¬ 
zards, with winds having velocities of 
50 to 75 miles per hour, mean death 
to any man or animal not adequately 
protected. 

MOUNTAIN CLIMATES 

Almost endless varieties of local 
climates exist within a mountain 
mass. Atmospheric conditions differ 
with altitude and exposure and, of 
course, with latitude. It cannot be 
said that there is a definite mountain 
type of climate. 

A notable characteristic of high- 
altitude climate is the intensity of 
insolation. This is largely due to the 
cleaner, drier, and thinner air. The 
great relative intensity of the sun’s 
rays attracts the attention of nearly 
all persons going to high elevations. 
Insolation is not only more intense, 
but it is also richer in the shorter 
wavelengths of energy, the violet and 
ultraviolet rays. The human skin 
therefore burns and tans quickly in 
the mountains. Because of the bril¬ 
liant sunshine and pure air, many 
sanatoriums are established at high 
elevations. 

Temperature decreases with alti¬ 
tude on the average about 3*4° per 
1000 feet. Climatically, this decrease 
is of great importance in tropical 
lands. Quito, Ecuador, on the equa- 
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tor, at an elevation of 9350 feet, has 
an average annual temperature of 
54°, which is 25° lower than that of 
the adjacent Amazon lowland. Mex¬ 
ico City, with an elevation of 7400 
feet and situated about 4° south of 
the Tropic of Cancer, has an average 
January temperature of 54° and a 
July average of 62°. White people 
in the tropics seek high elevations 
where cool and uniform tempera¬ 
tures are to be found. Mountain cli¬ 
mate is similar to that of the Cali¬ 
fornia coast in this respect—in the 
sun, one feels warm; in the shade, 
cool. Owing to convection, a warm 
wind blows up a mountain valley 
during the day; at night, a cool wind 
descends from higher elevations. 
Cool evening breezes and low hu¬ 
midity are the principal climatic 
assets of the many summer resorts of 
the Colorado Rockies. 

Winds that ascend mountain slopes 
are cooled by expansion. Condensa¬ 
tion of water vapor results in the 
formation, especially during midday, 
of huge cumulus and cumulonimbus 
clouds. Precipitation in the moun¬ 
tains of arid lands creates “islands” 
of vegetation. Where a mountain sys¬ 
tem lies at right angles to the pre¬ 
vailing wind, the windward slopes 
are likely to receive frequent rains. 
Opposite the wet side is the rain 
shadow. The abundant precipitation 
in mountains is of much importance. 
It furnishes a source of water for 
springs, rivers, irrigation, and arte¬ 
sian wells. It is responsible for the ex¬ 
istence of many excellent forests and 
grazing lands. Occasionally, terrific 


downpours result in floods. Glaciers 
and snow, especially in the Alps, are 
scenic attractions of many summer 
resorts. 

SUMMARY 

In this chapter and Chapter 6 
many lypes of climate on the earth’s 
surface were discussed. These cli¬ 
mates may be classified as follows: 

The low-latitude, or tropical, cli¬ 
mates are of three types: 

1) Tropical rainforest 

a) Windward coasts 

b) Monsoon variety 

2) Tropical savanna 

3) Low-latitude dry climate 

a) Deserts 

b) Steppes 

The climates of the middle lati¬ 
tudes, or intermediate zones, are also 
of three types: 

1) Middle-latitude dry climates 

a) Deserts 

b) Steppes 

2) Warm, humid climates 

a) Mediterranean 

b) Wet subtropical 

c) Marine west coasts 

3) Cold, humid climates 

a) Humid continental (long 
summer and short sum¬ 
mer) 

b) Subarctic 

The high latitudes, or polar caps, 
are the regions where the two types 
of polar climates prevail: 

1) Tundra 

2) Ice cap 
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Our study so far has been con¬ 
cerned mainly with the atmosphere- 
temperature, pressure, wind belts, 
precipitation, storms, and climate. 
Precipitation causes rivers to form. 
Abundant snowfall, especially in 
mountains, may cause glaciers to 
form. Rivers and glaciers, together 


with wind-blown sand, carve many 
of the features of the earth’s surface. 
Our study, therefore, shifts now to 
the solid earth’s crust, or lithosphere, 
and considers, first, its composition 
and, second, how its surface features 
are made and how these features in¬ 
fluence life on the earth. 


QUESTIONS 

Mediterranean climate 

1. What are the three principal features of Mediterranean climate? 

2. Regions in Mediterranean climate are alternately influenced by what 
wind belts? 

3. Name the five major regions that have Mediterranean climate. 

4. ("ontrast the temperatures of San Francisco and Red Bluff. Explain. 

5. Why is Mediterranean climate famed for its winter weather? 

6. What is the outstanding characteristic of the Mediterranean type of 
rainfall? 

7. Why is rainfall heavier at San Francisco than at San Diego? 

8. Why are thunderstorms rare in southern California? 

9. When are grains harvested in regions of Mediterranean climate? 

10. Explain the cause and effec ts of a sirocco. 

11. Describe the vegetation typical of this climate. What is chaparral? 

12. Where is the cork oak found? Why does this tree produce a thick 
bark? 

13. Why has fruit-drying become an important industry in the vicinity 
of Fresno, California? 

Humid subtropical climate 

14. In what three respects does humid subtropical climate differ from 
Mediterranean climate? 

15. Why does the size of a continent influence the monsoon tendency? 
lfi. Locate the three larger regions having humid subtropical climate. 

17. What is the average length of the growing season in regions having 
humid subtropical climate? 

18. Compare “sensible” temperatures in Florida and California. 

19. Why are cold waves more severe in the Gulf states than in south¬ 
eastern China? 

20. Where do hurricanes and typhoons occur? When? 

21. Contrast summer and winter rainfall in humid subtropical climate. 
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22. Why is the humid subtropical climate the most productive climate 
of middle latitudes? 

23. Discuss native vegetation in humid subtropical climate. 

24. What agricultural crops are produced in humid subtropical climate? 

Marine west-coast climate 

25. Why are marine climates located on west coasts? At what latitudes 
are they located? 

26. Locate the principal world regions having marine climate. 

27. Why does marine climate penetrate farther inland in Europe than 
in North America? 

28. Discuss summer and winter temperatures in marine climate. How 
long is the growing season? 

29. What are the two outstanding characteristics of marine rainfall? 

30. Contrast snowfalls in western Europe and the Cascades. 

31. What is the nature of rainfall? 

32. How do these regions rank in cloudiness? 

33. Where are the finest forests in the United States? What trees pre¬ 
dominate? 

34. Why are some regions in marine climate noted for livestock produc¬ 
tion? 

Humid continental climate 

35. Name and locate the world regions having humid continental cli¬ 
mate. 

36. Why is the annual range of temperature large? 

37. Summer maximum in rainfall is due to what three causes? 

38. Why is maximum summer rainfall of great economic importance? 

39. What is the value of snow on winter-wheat land? 

40. Why are weather changes rapid and irregular? Why more so in win¬ 
ter? 

41. Where is snowfall heavier, in Kansas or in New England? Why? 

42. Discuss the blizzard; the cold wave. 

43. What causes a hot wave? a drouth? 

44. Why is spring a season of fickle weather? What is Indian summer? 

45. Name the states in the long-summer subtype. What cereal is typical 
of this climate? what trees? What is the chief objection to the summer 
climate? 

46. What regions have the short-summer type of climate? What cereal 
is important in some of those areas? 

47. In the short-summer subtype, what is the length of the growing 
season? 
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48. List 9 states of which parts are covered by snow for 120 days each year. 

49. What cereals are produced in humid continental climate? 

50. What are deciduous trees? conifers? Name several species of each. 
Where are they found in humid continental climate? Which are hardwood? 

Subarctic climate 

51. In what two ways is the poleward boundary of subarctic climate de¬ 
termined? 

52. Why is the average July temperature at Yakutsk higher than that of 
San Francisco? 

58. How many possible hours of sunlight are there at the time of sum¬ 
mer solstice at 55°N? at 65°N? 

54. What is the lowest temperature ever recorded at Verkhoyansk? 

55. Discuss the forests and soils of this climate. 

Tundra climate 

56. Locate the principal tundra regions. 

57. Describe the climate and vegetation of the tundra. 

58. In what ways is the reindeer of value to the inhabitants of tundra 
regions? 

Ice-cap climate 

59. Where are the two principal regions with ice-cap climate? Describe 
the temperature conditions. 

Mountain climate 

60. What are two characteristics of insolation in mountains? 

61. Why are many cities located at high elevations in the tropics? Give 
examples. 

62. What are the two principal climatic assets of the Colorado Rockies? 
68. What type of cloud is often seen in summer in many mountains? 

at what time of day? Why? What is the rain shadow? Give an example, 

64. In what ways is the abundant precipitation in mountains of much 
importance? 

SUGGESTED ACTIVITIES 

1. Study three maps of the world, one showing annual rainfall, another 
the types of climate, and a third the density of population. From the study 
of these three maps, suggest as many relationships as possible. 

2. Chicago and Rome are in about the same latitude. Contrast the cli¬ 
mates of the two cities. 

3. On a large wall outline map of North America, color the climatic 
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regions. Paste or pin labels on the map showing economic products of the 
different regions. 

4. Outline on a map the spring- and winter-wheat regions of North 
America. Contrast the two regions climatically. 

5. Compare the climate of Fairbanks, Alaska, with that of Bergen, Nor¬ 
way. They are not greatly different in latitude. 

6. Choose a definite location in the regions discussed in this chapter, 
and write a short paper on why you would prefer to live in that particular 
place. 

Notk: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 

1. F.conomic Products of Mediterranean Countries 

2. Climatic Contrasts within the State of California 

3. Florida versus California as a Winter Resort State 

4. Citrus-Fruit Production in the Gulf States 

5. The Climate of India 

f>. Great Deserts of the World 

7. A Comparison of the Climates of Seattle and New York 

8. The Pacific Coast Forests of the United States 

9. The Climate of Spring- and Winter-Wheat Regions 

REFERENCES 


See list at end of Chapter 0. 



CHAPTER 8. 


Composition and Changes 
of the Earth’s Crust 


What do you see when you walk out 
into any stretch of open country? 
Rocks, soils, hills, valleys, rivers, 
lakes, seas, plains, mountains, pla¬ 
teaus. These features, in endless com¬ 
binations, distinguish the regions of 
the earth quite as much as do the 
factors of climate discussed in pre¬ 
ceding chapters. What features dis¬ 
tinguish your own locality? 

In studying the earth’s crust, or 
lithosphere, we shall consider (1) the 
materials of which it is composed, (2) 
the general nature of the agents, 
forces, and processes that are con¬ 
cerned in changing the earth’s crust, 
and (3) the characteristics of various 
surface features or landforms that 
make it possible for us to recognize 
them. 

EARTH MATERIALS 

The earths crust is composed 
mainly of rocks. A rock is a group of 
two or more minerals, although some 
rocks consist almost entirely of one 
mineral. Minerals are combinations 
of chemical elements. 1 Of the 92 
naturally occurring chemical ele¬ 


ments, many are very rare. Of the 
more important elements, oxygen is 
most abundant. In combination with 
other elements it comprises about 46 
percent of the known crust of the 
earth. Silicon is next in abundance. 
In its combination with oxygen it 
forms quartz (Si0 2 ), which, when 
broken into fine particles, makes 
sand. In many combinations with 
various elements, silicon comprises 
nearly 28 percent of the lithosphere. 

Six other elements together make 
up 24 percent of the total. They 
are, in the order of their abundance, 
aluminum, iron, calcium, potassium, 
sodium, and magnesium. The re¬ 
maining 2 percent of the lithosphere 
includes a long list of elements, some 
of which are of great importance in 
human affairs but exist in very small 
quantities. Among these are radium, 
platinum, gold, silver, and various 
precious minerals, such as the dia¬ 
mond. 

Minerals. A mineral is a natural 
inorganic substance having a nearly 
constant chemical composition and 

1 A list of chemical elements and their 
symbols is given in Appendix H. 
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fairly definite physical characteristics. 
Some minerals consist of one ele¬ 
ment, such as pure gold, copper, or 
sulfur. These, however, are relatively 
rare. The great majority of minerals 
are chemical compounds, such as ox¬ 
ides, sulfides, and carbonates. 

Minerals are identified by color, 
structure, specific gravity, hardness, 
luster, and so forth. These properties 
are explained more fully in Appen¬ 
dix F. The color of a mineral is some¬ 
times a reliable characteristic, some¬ 
times not. A few minerals that are 
rather easily identified by color are 
given in the following table. 


Mineral 

Composition 

Color 

Azurite 

Copper ore 

Blue 

Malachite 

Copper ore 

Green 

Galena 

Lead ore 

Black (metallic 
luster) 

Sulfur 

Native 

Yellow 

Rose quartz 

Silicon dioxide 

Pink (glassy luster) 

Limonite 

Iron ore 

Brownish-vellow 

(dull) 


Some minerals occur in crystals of 
definite form. The study of the many 
crystalline forms exhibited by min¬ 
erals is called crystallography . The 
quartz crystal, for example, is hex¬ 
agonal (Fig. 143). Galena and halite 
(rock salt) often occur as cubes. 

Structure is a valuable clue in 
identifying some minerals. Mica, for 
example, occurs in sheets, as thin as 
the paper in a book and sometimes 
transparent. Because it is a good elec¬ 
tric insulator and will not burn, mica 


is used in making radio tubes, elec¬ 
tric toasters, and electric irons. An¬ 
other mineral easily recognized by 
structure is asbestos (chrysotile ). It 
occurs as fibers, resembling the deli- 



F»g. 143. Quartz is one of the most abundant 
minerals. It exists in many forms. Sand consists 
of quartz grains. Crystalline quartz, shown in 
this picture, is hexagonal. Many excellent speci¬ 
mens of crystalline quartz come from a region 
near Hot Springs, Arkansas. (Courtesy Ward's 
Natural Science Establishment, Inc., Rochester, 
N. Y.) 

cate fibers of silk. Asbestos will not 
burn, and, therefore, is used in mak¬ 
ing many fireproof materials. It is 
mined largely in Ontario, north of 
New York. 

Some minerals are fluorescent; 
others are phosphorescent. When ex¬ 
posed to certain kinds of light, such 
as ultraviolet, in a dark room, these 
minerals glow in brilliant colors. 
Among the most vivid and beautiful 
fluorescent minerals in the world are 
willemite and calcite, which are 
found in certain rocks in New Jersey. 
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Fig. 144. Relatively recent lava flow, or igneous extrusion, in Craters of the Moon National 
Monument, southern Idaho. (Photograph by Della Junkin .) 


Willemite, a zinc silicate, fluoresces 
a bright green; calcite, a brilliant 
red. In some rock specimens, they 
occur together. Scheelite, a tungsten 
ore, fluoresces mainly a deep blue. 
Ultraviolet light is used by prospec¬ 
tors to locate such ores as scheelite. 

Collecting minerals is a fascinating 
hobby. Over a period of years a per¬ 
son may accumulate a collection of 
considerable value. By means of in¬ 
expensive advertisements placed in 
magazines devoted to this subject, 
mineralogists in widely scattered lo¬ 
calities are able to exchange mineral 
specimens at relatively low cost. Some 
collectors who cut and polish min¬ 
erals become proficient in this art, 
called lapidary (from the Latin word 
lapis, a stone). Polishing a mineral 
brings out its brilliant colors. Espe¬ 
cially is this true of agate. A yellow- 
brown variety of quartz, called tiger- 


eye, when properly cut and polished, 
makes a most attractive setting for a 
ring. 

Two valuable minerals, limonite 
and hematite, are the two most im¬ 
portant iron ores. An ore is a rock 
or mineral containing enough metal, 
such as iron, copper, aluminum, zinc, 
gold, and so forth, to make its min¬ 
ing worth while. Limonite, the 
brownish-yellow oxide of iron, is fa¬ 
miliar iron rust. Hematite is another 
oxide of iron, ranging in color from 
red to almost black. These are the 
ores mined in the Mesabi iron range 
north of Duluth, Minnesota, in the 
upper peninsula of Michigan, and 
near Birmingham, Alabama. Much 
of the yellow, red, and brown color¬ 
ing in soils and rock is from the ox¬ 
ides of iron. 

Minerals often occur in veins. Hot 
water enters through the many tiny 
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openings in bedrock and dissolves 
mineral matter. This mineralized 
water may find its way into a t rac k or 
fissure in the bedrock. Cooling of the 



Fig. 145. Some rocks are composed of many 
mineral crystals imbedded in some kind of 
ground mass. The rock shown here, called a 
porphyry, is igneous and illustrates such a 
formation. In some specimens of granite, the 
minerals quartz, mica, and feldspar can be 
easily recognized. (Courtesy Ward's Natural 
Science Establishment, Inc., Rochester, N. Y.) 

water and evaporation may ulti¬ 
mately cause the fissure to be filled 
with mineral matter, forming a vein. 
Such veins may vary in width from 
a fraction of an inch to several feet. 

Rocks. Most rocks are composed of 
mineral crystals, each mineral retain¬ 
ing its own characteristics. Since 
there are liundreds of minerals that 
can be locked together in many dif¬ 
ferent combinations, it is obvious 
that numerous kinds of rocks must 
exist in the earth's crust. Just as some 
chemical elements and some minerals 


are more abundant than others, so it 
is with rocks. With the processes of 
formation as a basis, rocks are di¬ 
vided into three general classes: (1) 
igneous, (2) sedimentary, and (3) 
metamorphic. 

Igneous rocks. Igneous rocks are 
those which have been solidified from 
a molten state. When lava pours forth 
from a volcano and cools, solid rock 



Fig. 146. The Mount Rushmore National Monu¬ 
ment is carved in the resistant granite of the 
Black Hills of South Dakota. Numerous joint 
planes show in the uncarved rock. These 60- 
foot likenesses of George Washington, Thomas 
Jefferson, Theodore Roosevelt, and Abraham 
Lincoln will be destroyed by weathering over 
a period of years. (Photograph by Bell Studio, 
Rapid City, S. D.) 

forms on the earth's surface. This is 
called extrusive igneous rock (Fig. 
144). Molten rock may fill a crevice 
or cavity deep in the earth. When it 
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Fig. 147. Layers, or strata, of sedimentary rock can be seen close to Lake Mead. This immense 
lake, which has been formed by Hoover (Boulder) Dam, is located in the Black Canyon of the 
Colorado River on the boundary line between Arizona and Nevada. (Courtesy Trans World 
Airline.) 


cools, the igneous rock formed is 
called intrusive . As the earth’s surfac e 
is eroded, intrusive rocks come to 
light. 

Extrusive rock cools quickly, al¬ 
lowing little time for crystals of min¬ 
erals to form. It is, therefore, known 
as fine-grained crystalline rock. In 
some cases no crystals form at all, and 
the resulting material is volcanic 
glass, or obsidian . Deeply buried in¬ 
trusive rock, on the other hand, may 
not become entirely cooled for hun¬ 
dreds of years. During that time vari¬ 
ous chemical elements combine to 
form distinct and often large mineral 
crystals (Fig. 145). A good example 
of such coarse-grained crystalline 
rock is granite (Fig. 146). In some 
specimens of granite it is easy to see 
three different minerals. 


Sedimentary rocks. Sedimentary 
rocks are composed of sediment 
which collects mainly at the bottoms 
of large bodies of water. Many ma¬ 
terials are carried to the sea by rivers. 
Some, such as salt and lime, are car¬ 
ried in solution. Others, such as fine 
clay and sand, are carried in suspen¬ 
sion and cause river water to appear 
very muddy. Upon reaching the sea, 
this sediment is deposited on the sea 
floor. The processes and conditions 
of deposition appear to have been 
interrupted many times, so that dif¬ 
ferent materials were laid down at 
different times. The sediment usu¬ 
ally appears in distinct layers, or 
strata , and for that reason sedimen¬ 
tary rocks often are called stratified 
rocks (Fig. 147). Most stratified rocks 
are deposited in a horizontal posi- 
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rion, or nearly so. When they are 
observed in positions greatly inclined 
trom the horizontal, it is an indica¬ 
tion that there has been a disturb¬ 
ance of the strata after their deposi¬ 
tion. 

Kinds of sedimentary rocks. The 

most important sedimentary rocks 



Fig. 148. Conventional symbols for different 
rocks: LS, limestone; S, shale; SS / sandstone; 
G, granite or other igneous rock. Which of the 
sedimentary rocks is impervious? Which is 
porous? 

are (I) sandstone, (2) shale, and (3) 
limestone (Fig. 148). The distinction 
between them is not always sharp. 
Mixing of sediments may produce a 
sandy limestone, a limy shale, or 
other combination. 

Sandstone is composed mainly of 
sand particles cemented together. 
Coarse sand forms a coarse-grained 
sandstone, which, if poorly cemented, 
is easily broken. Fine sand, if firmly 
cemented, may form a fine-grained 
sandstone valuable as a building 
stone. At times the sand layers may 
be colored with lime, and at times 
with red or yellow iron oxide. The 
result is colored sandstones or those 
having a banded appearance. Many 
sandstones are very resistant to the 
processes of rock wear and form pro¬ 


truding features on the earth’s sur¬ 
face. Economically, sandstone is valu¬ 
able as a building stone. Also, it is a 
porous rock, or one through which 
water can seep. Thus layers of this 
rock supply the source of water for 
many deep wells which provide water 
for farms and towns. 

Shale is formed when sediment 
consists of clay and mud. The domi¬ 
nant color is gray, although shades 
of red, green, and purple often are 
observed. Since shale is composed of 
such fine material, it is an extremely 
fine-grained rock, so fine that it 
strongly resists the seepage of water. 
For this reason it is called an imper¬ 
vious rock, although it seldom is 
hard. If shale underlies sandstone, 
water will seep through the sand¬ 
stone along the top surface of the 
shale. 

On the other hand, shale is more 
easily weathered and washed away 
by running water or rain than is 
either sandstone or limestone. Soil 
resulting from the weathering of 
shale is usually of a heavy clay na¬ 
ture. Shale splits into thin layers, is 
easily scratched with a knife, and 
when moistened has a distinct clay 
odor. 

Limestone is formed by the com¬ 
pacting of limy deposits or the shells 
of small marine animals. In some 
places are found thick deposits of 
nearly pure limestone (calcium car¬ 
bonate). More commonly they con¬ 
tain admixtures of other materials, 
especially sand, clay, and limonite. 
Sometimes bodies composed mainly 
of quartz are found in limestones 
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and are recognized as bands or masses 
of chert or flint (Fig. 149). Some lime¬ 
stones are compact and hard; others, 
soft and porous. The latter are called 
chalk . 

Unlike most rocks, limestones are 
readily soluble in ground water. 
Long-continued solution may cause 
the development of interior cavities 
or even great caverns such as Mam¬ 
moth Cave of Kentucky and the 
Carlsbad Caverns of southeastern 
New Mexico. Limestone can be rec¬ 
ognized by (1) the color, usually 
ranging from buff or light gray to 
white; (2) its effervescence, or bub¬ 
bling, in acid; and (3) the fossils of 
small marine animals, which ordi¬ 
narily are more numerous than in 
shale or sandstone. 

Limestone is a very abundant and 
valuable rock. It is mixed with shale, 
heated, and pulverized or powdered 
to form the all-important portland 
cement. Limestone alone when 
heated loses carbon dioxide, and the 
remaining material is commercial 
lime, or calcium oxide, a substance 
having many uses. Limestone is 
crushed to the size of fine gravel and 
is used in building roads. It is used 
also in the smelting of iron ore, a 
process by which iron is separated 
from other materials in the ore. 

In many places limestone is em¬ 
ployed as a building stone. Two no¬ 
table American regions of building 
limestone are worthy of mention. 
The one located at Bedford, Indiana, 
has supplied gray stone for hundreds 
of large buildings in American cities. 
The other, at Carthage, Missouri, 


markets a fine limestone which ap¬ 
proaches marble in texture. Many of 
the great buildings in London are 
made of limestone obtained from the 
Isle of Portland on the south coast 
of England. 

Not all sedimentary rocks were de¬ 
posited in seas or oceans. Some were 



Fig. 149. A dark, gray-black flint covered with 
a coating of soft, white mineral matter. (Cour¬ 
tesy Ward's Natural Science Establishment, Inc., 
Rochester, N. Y .) 

formed in shallow, coastal bays or 
marshes. The accumulation of vege¬ 
tation in swamps ultimately resulted 
in the formation of a sedimentary 
rock called coal. Other organic de¬ 
posits, containing considerable iron, 
formed bog iron ore or limonite and 
other iron formations. Still others 
are believed to have resulted from 
deposits in the evaporating waters of 
interior basins or coastal swamps in 
arid climates. Such deposits are rock 
salt and gypsum . 

Conglomerate is a sedimentary 
rock composed of rounded pebbles 
cemented together (Fig. 150). It re¬ 
sembles man-made concrete. 
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Metamorphic rocks. Metamorphose 
means to change form . Metamorphic 
rocks are derived from rocks of any 
other sort by processes of change. 
The most common causes of change 
are pressure, heat, and the cementing 
action of underground waters. Great 
pressure and heat may be produced 
by the warping and bending of great 
layers of rocks and by the introduc¬ 
tion of molten lavas into older rocks. 
At times, both processes may take 
place together. Other rocks are 
changed by the extremely slow 



Fig. 150. Conglomerate is a sedimentary rock. 
In this specimen many individual pebbles are 
clearly visible. (Courtesy Ward's Natural Sci¬ 
ence Establishment, Inc., Rochester, N. Y .) 

process of alteration or replacement 
of minerals by underground water. 
Metamorphism in some rocks has in¬ 
volved a change so great as to pro¬ 
duce minerals not present in the par¬ 
ent rock. 

Both igneous and sedimentary 


rocks may be metamorphosed into 
rocks of different kinds. Under the 
influence of pressure and heat, the 
minerals of granite arrange them¬ 
selves in rough bands, forming gums 
(nis). Thus the layers of mica, quartz, 
and feldspar may be plainly visible. 
Sandstone changes to a more com¬ 
pact, hard rock called quartzite, 
which is sometimes misnamed gran¬ 
ite. 

Shale becomes harder, splits into 
thin layers, and is familiar as black 
slate, quarried especially in Pennsyl¬ 
vania and Vermont. It is used as 
roofing, as blackboards in school¬ 
rooms, and as the “floor” in billiard 
tables. 

A pure limestone becomes some¬ 
what harder, sometimes takes on a 
translucent or waxy appearance, and 
is called marble . When polished, this 
is a most beautiful stone and is used 
for ornamental building purposes. 
Important marble quarries are lo¬ 
cated in Vermont, Georgia, and Ten¬ 
nessee. 

Metamorphosed bituminous coal 
becomes anthracite. The outstanding 
region producing pure anthracite is 
located in northeastern Pennsylvania. 
If the metamorphosis of coal is car¬ 
ried far enough, the resulting ma¬ 
terial may be graphite, which is pure 
carbon. Graphite when mixed with 
certain amounts of clay forms the 
“lead” of lead pencils. 

Rock and mantle rock. For the most 
part, the solid rock of the earth’s 
crust is buried beneath a covering 
layer, thin or thick, of broken-up 
and decomposed rock fragments. 



COMPOSITION AND CHANGES OF THE EARTH'S CRUST 195 


This material is named mantle rock, 
or regolith, and the upper part of it 
includes the soil. Not everywhere is 
the mantle rock sufficiently thick to 
cover the underlying rock. On many 
steep slopes, and in some regions 
over large areas generally, the bare 
and solid rock may be seen. These 
exposures of solid bedrock are called 
outcrops . From the nature and posi¬ 
tion of the rocks displayed in widely 
scattered outcrops, geologists are 
able to form intelligent opinions as 
to the kind, distribution, and extent 
of the rocks buried beneath the 
mantle rock. 

Bedrock of the United States. The 

importance of the kind of bedrock 
is shown by its influence on (1) the 
relief features of the earth’s surface, 
(2) the kind of soils that overlie cer¬ 
tain rocks, and (3) the occurrence of 
natural resources, such as deposits of 
valuable ores. Maps showing under¬ 
lying bedrock often are very com¬ 
plex. However, a few general state¬ 
ments can be made about the distri¬ 
bution of the principal kinds of rock 
in the United States. 

Some parts of New England and 
the Appalachian Mountains are 
formed of ancient crystalline rocks; 
others, of stratified rocks. The vast 
interior lowlands from the Appa¬ 
lachians to the Rockies are, for the 
most part, underlain by sedimentary 
rocks. The Rocky Mountains are 
composed of mixed types, granite 
and gneiss forming extensive areas. 
The Colorado Plateau consists 
mainly of sedimentary rocks; the Co¬ 
lumbia Plateau and the Cascade 


Mountains and the Sierra Nevada 
are largely igneous. 

FORCES THAT MOLD 
THE EARTH'S SURFACE 

The major subdivisions of the 
earth from the standpoint of relief 
or inequality of surface elevation are 
the great depressions that contain 
the oceans and the broad elevations 
that are the continents . Upon the 
continents there are many features 
of a smaller order of size with which 
people have daily and intimate con¬ 
cern. These landforms are the high 
mountain masses, the broad plateaus, 
rough hill regions, and extended 
plains. Of a still smaller size are 
numerous low hills interrupted by 
many valleys. 

What causes landforms? Landforms 
are made by forces that act upon the 
earth’s surface through longer or 
shorter periods of time. Some of the 
forces may be described as earth 
forces, some as climatic; still others 
are produced by plants and animals. 
They accomplish their various kinds 
of work by processes that will be con¬ 
sidered in Chapter 9. Forces and 
processes of different kinds, acting 
upon rocks of varying hardness, pro¬ 
duce the interesting features of the 
land surface. So remarkable are these 
features in certain localities that they 
are set aside as national parks. 

Landform changes involve great 
lengths of time. As we study land- 
forms and the processes by means of 
which they have been made, we must 
adopt a different concept of time 
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from that employed in considering 
the events of human history. Al¬ 
though some natural processes are 
sudden and violent, accomplishing 
notable results in a short space of 
time, these are the exception rather 
than the rule. Most of the landforms 
have been produced by the slow and 
long-continued operation of forces 
and processes still at work. The earth¬ 
changing forces produce little effect 
in the span of human life. Instead, 
they require thousands of years. 

It is estimated by earth scientists 
that the age of the earth is about 2 
billion years. Of this vast length of 
time the record of the first billion 
years is so ancient that it is vague. 
More is known of the last 500 million 
years of earth history. But even that 
time is so long that it makes the 
many years of human history seem 
but a moment by comparison. In the 
study of earth history, the fossils of 
plants and animals are of much im¬ 
portance. These fossils have been 
preserved in the sedimentary rocks. 
They are the principal means by 
which the relative ages of different 
rocks in the later part of earth his¬ 
tory are determined. 

Forces responsible for the surface 
molding of the. earth. The various 
forces involved in the production 
and alteration of landforms may be 
grouped: (1) tectonic, forces that 
originate within the earth, and (2) 
gradational, forces that originate 
without or beyond the earth. 

Tectonic forces derive their energy 
mainly from changes occurring in 
the earth’s interior. These changes 


are caused by (1) heating, (2) expan¬ 
sion or contraction, and (3) the mov¬ 
ing of liquid material from one place 
to another. These tectonic forces are 
subdivided into two general groups: 

1) Diastrophism —the warping, 
folding, or bending, and breaking of 
the earth’s crust. 

2) Voleanism —the action of vol¬ 
canoes in the movement or expulsion 
of molten rock from the interior. 

The tendency of tectonic forces 
and their processes is to produce dif¬ 
ferences in elevation on the earth’s 
surface. In some places rock layers 
are bent up; in others, down. Molten 
rock may pour from an opening in 
the earth’s crust, greatly increasing 
the elevation of the land in that 
locality. 

Gradational forces operate largely 
through the work of agents such as 
wind, running water, moving snow 
and ice, and living organisms. The 
tendency of these forces is to level 
the earth’s surface by reducing land 
to uniform slopes, or grades. The 
processes of gradation are subdivided 
into 

1) Degradation —processes that op¬ 
erate to wear away or reduce land 
elevations to the final level, or grade. 

2) Aggradation —processes that 
tend to fill the sea margins and de¬ 
pressions of various kinds and thus 
to build them up. 

Degradation involves rock decay 
and the transportation of rock mate¬ 
rials from higher to lower elevations. 
Aggradation is the deposition of sedi¬ 
ment in low places. 
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The two great groups of forces, 
tectonic, on the one hand, and grada¬ 
tional, on the other, are at work con¬ 
tinuously and, therefore, are in end¬ 
less conflict. The one causes earth 
features having differences in eleva¬ 
tion; the other tends to reduce them 
to low and uniform plain. The hills, 
valleys, and other relief features that 
now exist are the present, but tem¬ 
porary, expression of the state of this 
perpetual battle. 



Fig. 151. Joint planes commonly occur in sets, 
or groups, all the members of which trend in 
the same direction. The sets may be vertical, 
inclined, or horizontal. (Courtesy U. S. Geologi¬ 
cal Survey.) 

Breaking of surface rocks. It is well 
known that any rock, under suffi¬ 
cient strain, will break. Terrific 
strains are placed on the outer shell 
of the earth by the expansion or 
shrinkage of the earth as a whole. 
Strains also are produced by the re¬ 
moval of molten rock or surface sedi¬ 
ments from place to place. As a re¬ 
sult, surface rocks everywhere are 
characterized by many cracks, called 
joints (Fig. 151). These are so nu¬ 
merous that the hard exterior of the 


earth must resemble the cracked 
glaze on a piece of antique china. 
However, the joints become smaller 



Fig. 152. The development of a fault in sedi¬ 
mentary rock: A, the strata before faulting; B, 
fault, showing direction of displacement and 
the fault scarp; C, the reduction of the fault 
scarp by erosion to a dissected fault-line scarp. 

and fewer with depth and are be¬ 
lieved not to exist below a dozen 
miles or so. This cracked surface 



Fig. 153. Block faulting and the formation of 
a graben and a horst are illustrated in this 
diagram. The center block (graben) moves 
downward when the supporting walls are pulled 
apart. 

zone is called the zone of fracture . 
The joints permit the water of the 
ground to circulate more freely 
within the rocks and enable the 
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Fig. 154. An example of the folding, or bending, of rock strata, Glacier National Park. (Courtesy 
U. S. Geological Survey.) 


agents of gradation to work more 
readily. 

Sometimes rocks not only break 
but also actually move along the 
plane of breakage. The position of 
rock layers owing to such breaking 
and slipping is called a fault (Fig. 
152). The motion that produces dis¬ 
location of rock often is sudden but 
usually is limited in amount to 
fractions of an inch or a few feet. 
If the displacement is vertical, the 
rocks on one side may be elevated 
enough to produce a cliff, which is 
called a fault scarp. The rock move¬ 
ment, however, may be horizontal as 
well as vertical. 

When many successive faults occur 
along the same plane at intervals 
during thousands of years, the re¬ 
sulting fault scarp may attain the 
size of hills or even mountains. Most 


of the basin ranges in Nevada are a 
result of faulting where great masses 
of rock have been uptilted. The 
towering east face of the Sierra Ne¬ 
vada in California is a huge fault 
scarp, and so is the Lewis Range in 
Montana, in Glacier National Park. 
These giant displacements required 
a tremendous length of time during 
which the agents of degradation 
carved the highest segments into 
mountain peaks. 

In a few places in the world, par¬ 
allel faults of great length have per- 
mitted the blocks of earth between 
them to drop (Fig. 153). These be¬ 
come broad valleys, flanked on each 
side by fault scarps, and are known 
as rift valleys, or graben, from the 
German word meaning trough . Of 
this origin are such famous valleys as 
the Lowlands of Scotland, the upper 
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Fig. 155. Synclinal and anticlinal mountains. The complicated folds and faults of some mountains 
have been studied and, from the eroded remnants that make up the present mountains, great 
structures have been projected. These probably ntver existed, because they were eroded as 
they were formed. 


Rhine Valley, the depression in 
which the Dead Sea lies, and those 
vast trenches in Fast Africa which 
are occupied in part by Lakes Tan¬ 
ganyika and Nyassa. In some places 
the land between parallel faults has 
been uplifted. The result is the for¬ 
mation of a blocklike mountain up¬ 
lift called a horst. 

Folding of surface rocks, just as a 
board warps and bends, so does the 
earth’s surface. The close bending of 
rock layers is called folding (Fig 154). 
The folds may be very small or large 
enough to form mountains. They 
may be simple or complex. 

In some mountain regions, sedi¬ 
mentary rock strata have been under 
such enormous pressure that they 
have been pushed up into a series of 
wavelike folds. The arch, or crest, of 
one of these folds is called an anti¬ 
cline, and the trough of the wave, a 
syncline (Figs. 155, 156). In the Alps 
and some other mountains, the up¬ 
ward bends have been closed and 
tipped over. Such mountain forma¬ 
tions are further complicated by 
faulting and, in some cases, the in¬ 
trusion of molten rocks. Seldom do 
anticlines and synclines appear as 
corresponding ridges and valleys, be¬ 


cause the agents of degradation have 
greatly altered their general appear¬ 
ance. 

Similar to folding but less intense, 
although no less important, are those 
broad bends in the earth’s crust 



Fig. 156. A portion of a buried anticlinal 
structure that has been exposed in a stream 
/alley. (Courtesy U . S. Geological Survey.) 


which may be called warping . Such 
changes in crustal shape probably are 
continuously in progress but require 
thousands of years to produce nota¬ 
ble results. Through warping, broad 
areas of lowland, such as the North 
Sea basin, have been lowered slowly 
a few feet or a few scores of feet and 
added to the shallow sea bottoms. 
By the same process, shallow sea bot¬ 
toms have been elevated slowly and 
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Fig. 157. The principal volcanic regions of the world. (Denoyer's Semiellip'tical Projection .) 


added to the areas of the continents. 
For example, most of the state of 
Florida is a relatively recent addi¬ 
tion to the area of North America. 

Warping accounts for the great 
areas of sedimentary rocks with their 
thousands of fossils of marine ani¬ 
mals, now located far in the interior 
of the continents. There are evi¬ 
dences that some areas were alter¬ 
nately elevated above and depressed 
below sea level. 

Volcanism. Volcanism is the term 
applied to all those processes by 
means of which molten rock is trans¬ 
ferred from deep-seated sources to or 
toward the surface of the earth (Fig. 
157). This molten rock is of consider¬ 
able environmental significance, 
since it is the direct or indirect cause 
of several classes of landforms. 

Volcanic products. The principal 
product of volcanic extrusion is lava, 
or molten rock. Certain lavas are ac¬ 
companied tiy poisonous gases and 
steam. In addition, there are various 
other products, such as pumice stone, 
volcanic dust, ashes, cinders, and 
slag. A typical volcano is a cone¬ 


shaped mountain with an opening, 
or crater, at the top (Fig. 158). Minor 
eruptions in the vicinity of the main 
volcano may form a number of cin¬ 
der cones. Following a volcanic out¬ 
burst near the ocean, floating pumice 
stone sometimes covers the water. 

Types of volcanic eruptions. Two 
main types of volcanic eruptions are 
recognized, although some eruptions 
are intermediate; that is, they seem 
to fall between the two main types: 
the explosive and the quiet. 

The explosive type of volcano is 
the most violent and destructive. Ex¬ 
plosions of pent-up gases, mainly 
steam, cause enormous quantities of 
gas and dust to be thrown into the 
air to form great clouds. 

On February 20, 1943, a volcano 
burst out of the cornfield of a farmer 
living near the village of Parfcutin, 
located about 200 miles west of Mex¬ 
ico City, Mexico (Fig. 159). The new 
cone grew rapidly, reaching a height 
of 500 feet in one week, more than 
1000 feet in 10 weeks, and, at the 
end of a year’s time, more than 1500 
feet. 
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Fig. 158. Mount Capulin, an extinct volcano in northeastern New Mexico. This cone is of rela¬ 
tively recent origin and consists of volcanic cinders, or scoria. It rises about 1500 feet above the 
surrounding plain and about 8000 feet above sea level. From the top other small cones can be 
seen. Volcanic dust from the volcanoes of New Mexico is found in parts of Kansas. (Courtesy U» S. 
Geological Survey .) 
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Fig. 159. Eruption of Parfcutin Volcano, Mexico. Lava, still warm, is shown in the foreground. 
(Photograph by W. C. Lowdermilk, U» S. Soil Conservation Service.) 
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Volcanic ash and dust covered the 
countryside lor miles, some even 
reaching Mexico City. From cracks 
in the earth, near the cone, lava 
spread in all directions, in some 
places changing the courses of 
streams. Volcanic bombs and rocks 
were thrown high into the air. Fall¬ 
ing to earth, they stripped trees of 
leaves and small branches. Vegeta¬ 
tion over a large area was literally 
smothered by a covering of fine, 
black dust. In some places the depth 
of volcanic ash and dust reached 20 
feet. During the eruption, great vol¬ 
umes of water vapor were thrown 
into the atmosphere, aiding in the 
formation of huge cumulonimbus 
clouds with accompanying lightning 
and thunder. 

Thus, the combined processes and 
forces of nature produced a new vol¬ 
canic cone, called Paricutin. It now 
takes its place in a chain of such 
cones that extends east and west from 
the Gulf of Mexico to the Pacific in 
the latitude of Mexico City. 

Krakatao (kra-ka-ta'o) Volcano, lo¬ 
cated in Sunda Strait, between Su¬ 
matra and Java, erupted in 1883 
with one of the most violent explo¬ 
sions the world has ever known. 
Much of the small island, on which 
the volcano was located, was blown 
away. The disturbance produced 
huge waves in the sea, which did 
great damage to villages located on 
the shores of some of the East Indies, 
resulting in a loss of life estimated in 
excess of 30,000. 

Other explosive volcanoes may be 
mentioned. Mount Pel£e is located 


on the island of Martinique, north¬ 
east of Venezuela. In 1902 it com¬ 
pletely destroyed the city of St. 
Pierre. Vesuvius, near Naples, Italy, 
which probably has been studied 
more than any other volcano in the 
world, has periods of activity. In a.d. 
79 it destroyed the towns of Pompeii 
and Herculaneum. 

On the Alaskan Peninsula and 
Aleutian Islands are many active vol¬ 
canoes. In 1912 Katmai, a volcano in 
this region, gave vent to a most vio¬ 
lent eruption. The great cone of 
Mount Etna, on the eastern end of 
the island of Sicily, rises more than 
10,000 feet above the Mediterranean 
Sea and, from time to time, is subject 
to explosive eruptions. In Mexico, 
Central America, and the Andes are 
a number of volcanoes that occasion¬ 
ally become active. 

Many volcanoes of past centuries 
are now extinct, and their cones ex¬ 
ist today as high, snow-covered peaks. 
Mount Shasta and Mount Rainier 
are extinct volcanoes. Other, older 
cones have been greatly eroded. The 
Devil’s Tower National Monument, 
in northeastern Wyoming, is the cen¬ 
tral core, or “neck,” of an ancient 
volcano, which rises several hundred 
feet above the surrounding plains. 

In the quiet type of volcano, lava 
overflows the crater and flows down 
the sides of the cone. Steam and 
other gases escape, but there is no 
violent explosion. Hawaiian volca¬ 
noes are noted as representatives of 
this type. The Hawaiian Islands 
themselves are volcanic mountains 
built up on the ocean floor, a result 
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of enormous overflows of lava. 
Mauna Loa (13,680 feet), a volcano 
on the island of Hawaii, has received 
widespread attention because of its 



Fig. 160. The largest of the Hawaiian Islands 
are shown here. These islands, some 2000 miles 
southwest of California, are volcanic in origin. 
A national park has been established on 
Hawaii. On this largest island are two high 
volcanic cones: A, Mauna Kea, 13,780 feet; B, 
Mauna Loa, 13,680 feet. At C is the famous 
volcanic crater, Kilauea. Note the location of 
the city of Hilo, which was damaged by the 
1946 tidal wave. 

activity. On the same island is the 
crater of Kilauea with its lake of 
liquid and semiliquid lava. Lava that 
overflows from Mauna Loa is white- 
hot, having a temperature in excess 
of 1000°F. As it flows down the 
mountain side, the top surface cools 
and becomes dark in color. Occasion¬ 
ally the flows reach the Pacific, re¬ 
sulting in a tremendous hissing of 
steam as the molten rock comes in 
contact with the water (Fig. 160). 

Igneous extrusions. In many places 
there are flows of solidified lava 
whose extent is measured in square 
miles or scores of square miles. In a 
few places, and at various times in 


earth history, there has issued lava so 
liquid and so abundant that layer 
after layer, at intervals, has flooded 
and buried the original surface for 
many thousands of square miles. 
Cheat expanses of igneous rocks were 
the result. 

The Columbia Plateau in Wash¬ 
ington, Oregon, and Idaho is an ex¬ 
ample of igneous extrusion. Here 
successive lava flows, over a long 
period, c overed a total area of more 
than 100,000 square miles to an aver¬ 
age depth of half a mile. In the proc¬ 
ess, valleys were filled, hills were 
buried, and mountains were left 
standing like islands in a nearly level 
sea of lava plains. Among the other 
great lava flows of the world are 
those of the Deccan (peninsular In¬ 
dia), Ethiopia (Abyssinia), and south¬ 
ern Brazil. 

Igneous intrusions. Molten rock, or 
magma, may be thrust into openings 
beneath the local, or country, rock in 
a great variety of forms. Sometimes 



Fig. 161. This drawing represents a block of 
rock with igneous intrusions. When the solidi¬ 
fied lava forms a vertical wall as at A, it is 
called a dike . The horizontal layer shown at 
6 is called a si/1, or sheet 

the magma solidifies in a vertical 
crevice and forms a dike (Figs. 161, 
162). When erosion later removes 
the less* resistant rock adjacent, the 
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dike may stand in bold, wall-like re¬ 
lief in the landscape or even form a 
considerable range of hills. Horizon¬ 
tal layers of intruded magma are 
called sills. 



Fig. 162. An igneous dike that stands in relief, 
because it is more resistant to erosion than the 
rocks on each side of it. (Courtesy U. S. Geo¬ 
logical Survey.) 

At times the molten rock, coming 
from below, will spread out between 
layers of rock and slowly force the 
overlying layers to bend upward, 
forming a laccolith (Fig. 163). The 
upper layers of sedimentary rocks 
are in time eroded away, exposing 
the igneous dome. The Henry Moun¬ 
tains in southern Utah exhibit sev¬ 
eral stages in laccolith erosion. Many 
buttes are eroded laccoliths, an ex¬ 
ample being Bear Butte in the vi¬ 
cinity of the Black Hills, South 
Dakota (Figs. 164, 165). 

The igneous cores of many moun¬ 
tain systems are the result of up¬ 
heavals of molten rock. These great 
masses of magma, in a variety of 
forms, dissolve, displace, or uplift 


the previously existing sedimentary 
or other rocks and metamorphose 
those which they touch. Water, seep¬ 
ing through the earth’s crust, is 
heated when it comes in contact with 
the magma and later may come to 
the surface as a hot spring. The 
chemical action (solution and deposi¬ 
tion) of hot underground water 
sometimes results in the formation of 
valuable veins of ore. Igneous intru¬ 
sions often are noted for their ore 
deposits. 

Hot springs and geysers. In some 
regions underlain by hot volcanic 
rock, certain surface features arc of 
interest. Such a region is illustrated 
by Yellowstone National Park. From 
several hundred openings in the sur¬ 
face rock, steam and other gases are 
given off into the air. These open¬ 
ings are called furnaroles. There are 



Fig. 163. A illustrates the effects of the intru¬ 
sion of a giant laccolithic mass into sedimentary 
rocks; B, features resulting from later erosion 
by streams. 

many hot springs, some of which are 
continually boiling. These hot waters 
bring to the surface considerable 
quantities of mineral matter in so¬ 
lution. As the water cools or evap- 



Fig. 164. Bear Butte, east of the Black Hills in western South Dakota, rises about 1400 feet above 
ihe surrounding plains. The center core is igneous rock. Accumulations of rock waste can be seen 
on the lower slopes. Slopes such as these are called talus slopes. Upturned edges of sedimentary 
rocks surround the base. (Courtesy U. S. Geological Survey.) 



Fig. 165. Bear Butte is a plug of igneous rock forced up through the sedimentary layers. Note the 
fault on the left side. The Dakota sandstone is an important formation. It is one of the layers 
that provides water for the numerous artesian wells in eastern South Dakota. (After diagram by 
U. S. Geological Survey.) 


orates, the mineral matter accumu¬ 
lates on the earth's surface near the 
spring. 

Hot springs that erupt from time 
to time at more or less regular inter¬ 
vals are called geysers (Fig. 166). The 
geyser tube extends deep into the 
earth, reaching hot rock. It fills with 
water from underground seepage. 


Thte boiling point of water under 
ordinary atmospheric pressure at sea 
level is 212°F. As pressure on the 
surface of the water is increased, the 
boiling point rises. Thus, deep in the 
geyser tube, the boiling point is 
considerably higher, because of the 
weight of all the water above. This 
deep water, in contact with the hot 
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rock, finally reaches its boiling point, 
bursts into steam, and drives the 
upper water out of the tube, causing 
the geyser eruption. In the case of 
the famous Old Faithful geyser in 



Fig. 166. Old Faithful geyser in eruption, Yel¬ 
lowstone National Park. What cloud type ap¬ 
pears in the background? (Courtesy Northern 
Pacific Railway .) 

Yellowstone National Park, the time 
between eruptions is about 65 min¬ 
utes. In many springs, however, this 
time interval varies considerably. 
Other regions noted for geysers are 
found in New Zealand and Iceland. 

Earthquakes. Earthquakes are rela¬ 
tively small, wavelike movements of 
the earth’s crust. The surface of the 


earth is in constant vibration, but 
the movements usually are too small 
to be felt. Occasionally, tremors of 
such violence are set up that they 
spread over large areas and may even 
travel around and through the earth. 
These are recorded by instruments 
called seismographs. 

The principal causes of earth¬ 
quakes are (1) faulting of bedrock 
and (2) volcanic activity. In certain 
volcanic regions, earth tremors oc¬ 
cur frequently. Hundreds of minor 
earthquakes are recorded on the 
island of Hawaii every year. These 
vibrations, as a rule, are not serious. 

Faulting has been largely respon¬ 
sible for the disastrous earthquakes 
in human history. The displacement 
of great masses of rock along a fault 
plane creates a wavelike motion in 
the surface rocks. This wave travels 
in all directions. It is more marked 
and does greater damage near the 
point of origin. Rocks may slip along 
a fault at intervals of a few months 
or years. 

A region in which many faults 
have been mapped is likely to be one 
of more or less frequent earthquakes. 
Southern California is an example. 
One of the better known faults in 
California is the San Andreas rift 
which extends from near San Fran¬ 
cisco southeast for a distance of 
more than 500 miles. The disastrous 
earthquake in San Francisco in 1906 
resulted from horizontal shifting of 
rocks along this fault, in places as 
much as 20 feet. 

Destructiveness. “On September 1, 
1923, the gates of Hell swung open 


COMPOSITION AND CHANGES OF THE EARTH'S CRUST 207 


in central Japan.” So begins a vivid 
description of perhaps the most de¬ 
structive earthquake the world has 
ever known. Two of Japan’s great 
cities, Tokyo and Yokohama, were 
severely crippled. Nearly 150,000 
people were killed, and the property 
loss was estimated at more than 2 
billion dollars. 

Severe earthquakes may occur in 
remote parts of the world and cause 
little destruction; but when they 
strike in densely populated areas, the 
damage is tremendous. It is not the 
amount of the earth’s movement that 
matters so much as the suddenness 
and sharpness of the shock. This may 
be illustrated by standing a piece of 
chalk on a table and striking the 
latter a quick, sharp blow under¬ 
neath. The vibration of the table top 
may be too small to be seen, but the 
chalk may be thrown some distance 
upward and toppled over. 

A writer who was in Tokyo at the 
time of the 1923 earthquake says that 
to appreciate the sharpness of the 
shock one should imagine himself 
standing on a board and to have it 
struck from beneath by a huge ham¬ 
mer in the hands of a giant. When 
such quick movements of the earth’s 
surface occur, persons are thrown to 
the ground; buildings collapse; peo¬ 
ple are killed by falling debris rather 
than by the earthquake itself; water 
mains below ground are destroyed; 
and fire, once started, cannot be con¬ 
trolled. 

In January, 1939, a disastrous 
earthquake caused great damage and 
the loss of nearly 50,000 lives in 


southern Chile. Especially in the 
cities of Chilian and Concepcion the 
destruction of life and property was 
extremely severe. In December of 
the same year, several highly de¬ 
structive earthquakes visited Turkey, 
especially its northern and eastern 
districts, causing great loss of life and 
property in this old and densely 
settled region. 

When an earthquake occurs on the 
bottom of the sea, huge water waves 
are created, which become larger as 
they reach shallow coastal waters. 
These are commonly, and errone¬ 
ously, called “tidal waves.” They 
have no relation to the true tide. 
These large waves may reach such 
proportions that they travel much 
farther inland along level coasts than 
do ordinary waves. In densely popu¬ 
lated portions of the coast of south¬ 
eastern Asia, tidal waves have, upon 
occasions, destroyed thousands of hu¬ 
man lives. 

In April, 1946, an earthquake on 
the floor of the North Pacific Ocean 
caused tidal waves to spread to the 
Hawaiian Islands, California, and 
Alaska. At Hilo, on the east coast of 
Hawaii, more than 100 people were 
killed, and a million-dollar break¬ 
water was severely damaged (Fig. 
160). At Honolulu, Oahu, some 200 
miles northwest of Hilo, damage in 
the harbor was estimated at many 
thousands of dollars. One observer 
at Hilo reported: “About 6 a.m. I 
noticed that the ocean floor was bare. 
Shortly afterward, nine huge waves 
invaded the city. Large warehouses 
were crumbled by the force of the 
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Fig. 167. There are three extensive regions where earthquakes have been more or less frequent: 
(1) the west coasts of North and South America; (2) a belt across southern Eurasia; and (3) a 
belt that includes the Japanese Islands, the Philippines, and the East Indies. ( Denoyer's Semiellip¬ 
tical Projection.) 


water.” In Alaska, one lighthouse 
that reached 100 feet above the sea 
was destroyed, with the loss of 10 
lives. Some damage was done on the 
coast of California, but it was minor 
compared with that in the Hawaiian 
Islands. 

In August, 1940, scores of persons 
were killed and more than 1000 fish¬ 
ing boats were destroyed when a 
tidal wave struck Hokkaido Island, 
Japan. Following a tidal wave at 
Santa Cruz del Sur, on the south 
coast of Cuba, in November, 1932, 
more than 2000 people were reported 
dead or missing, and the entire city 
was destroyed. 

Regionii of frequent earthquakes. 

Since earthquakes are due largely to 
tectonic forces, the regions of fre¬ 
quent occurrence correspond closely 
with the zones of volcanic activity 
and faulting (Fig. 167). Parts of those 
zones, however, are more subject to 
earth tremors than are others. The 
great difference in elevation between 
the mountains of Japan and the great 


ocean deeps offshore contributes to 
the frequency of earthquakes in that 
region. The same is true of the east¬ 
ern side of the Pacific. 

Small earthquakes are frequent on 
the coasts of the American continents 
from Cape Horn to Alaska. Several 
severe shocks have occurred in Chile, 
Mexico, California, and Alaska since 
the beginning of the present century. 
It is said that in Tokyo a sensible 
shock occurs on the average once 
every three days. 

SUMMARY 

The earth may be subdivided into 

1) The atmosphere, mainly nitro¬ 
gen and oxygen 

2) The hydrosphere, or oceans, 
seas, lakes, etc. 

3) The lithosphere, composed of 

a) Solid rock 

b) Mantle rock, or regolith 

The composition of the litho¬ 
sphere includes 
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1) Minerals, such as quartz, cal- 
cite, feldspar, and mica 

2) Rocks, which are classified as 

a) Igneous, such as granite 
and basalt 

b) Sedimentary, such as lime¬ 
stone, sandstone, shale, 
and conglomerate 

c) Metamorphic, such as 
gneiss, marble, and slate 


The forces that mold the earth’s 
surface are of two types: tectonic and 
gradational. The tectonic forces op¬ 
erate through three processes 

1) Diastrophism 

2) Volcanism 

3) Earthquakes 

The gradational forces will be 
considered in Chapter 9. 


QUESTIONS 


1. Define lithosphere; rock. 

2. What are the principal chemical elements found in the lithosphere? 

3. Define (a) mineral; (. b) ore; ( c) lapidary; (cl) crystallography. 

4. What is the value of ultraviolet light in prospecting? 

5. What is the commercial value of (a) galena, (b) mica, (c) tigereye, 
(d) asbestos, (e) limonite? 

6. Mention three localities noted for iron ore production. 

7. Explain how a vein of mineral is formed. 

8. What are igneous rocks? extrusive rocks? intrusive rocks? 

9. What is obsidian? 

10. In what two ways does water transport its mineral load? 

11. Why are sedimentary rocks said to be stratified? 

12. Describe sandstone. Why is it sometimes banded in appearance? 

13. Define porous and impervious rock. Name examples of each. 

14. What is shale? What type of soil does it produce? What are some 
tests by which shale can be identified? 

15. How is limestone formed? What is chert? chalk? 

16. By what process were Carlsbad Caverns formed? 

17. By what tests can limestone be identified? 

18. What are the principal uses of limestone? Mention two noted regions 
that produce building limestone. 

19. Explain the formation of coal; of beds of rock salt. 

20. What are metamorphic rocks? How are rocks metamorphosed? 

21. Name five metamorphic rocks and the original rock from which each 
was formed. 

22. Where are slate and marble quarried? Name the uses of each. 

23. What is graphite? What are some of its uses? 

24. Define mantle rock; outcrop. 

25. Define tectonic and gradational forces. 
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26. Define diastrophism; volcanism. 

27. Define degradation; aggradation. 

28. What are joints in rocks? What is the zone of fracture? 

29. Define fault; fault scarp. 

30. How were the basin ranges and the Sierra Nevada formed? 

31. Diagram and explain the formation of a rift valley. Name and locate 
several such formations. 

32. Define folding; anticline; syncline. 

33. Explain warping of the earth’s crust. What are some of the results? 
Give examples. 

34. Name the products of volcanic eruption. 

35. What arc the two general types of volcanic eruptions? How do they 
differ? 

36. What and where are the following: (a) Krakatao, (b) Hilo, (c) Parfcu- 
tin, (d) Oahu, (r) Devil’s Tower, (/) Aleutian, (g) Manna Loa, ( h) Etna, 
(t) Bear Butte, (/) Rainier? 

37. Notice Fig. 160. What are the longitude and latitude of Honolulu? 
When is the noon sun slightly north of this city? 

38. Locate the Columbia Plateau. How was it formed? 

39. What is magma? Diagram and explain dike; sill; laccolith. 

10. Explain the cause of fumaroles; hot springs; geysers. 

41. Name and locate three regions noted for geysers. 

42. What is an earthquake? What instrument records earthquakes? 

13. What are the two principal causes of earthquakes? Which is respon¬ 
sible for the most destructive shocks? 

44. What causes a tidal wave? Where have tidal waves done considerable 
damage? 

SUGGESTED ACTIVITIES 

1. Make a list of building stones and earth materials used in the con¬ 
struction of some familiar building. 

2. Find sources of building stones used in your own community. 

3. Sec ure and examine specimens of various rocks. 

4. In three boxes, or trays, arrange the rocks according to the classifica¬ 
tion: igneous, sedimentary, and metamorphic. 

5. Examine specimens of lime, cement, and concrete. 

6. Weigh a piece of thoroughly dried sandstone. Put it in water for 
several hours, and weigh it again. Explain results. Repeat, using other rocks. 

7. On a large wall outline map of the United States, roughly outline and 
color the areas of igneous, sedimentary, and metamorphic rocks. (Maps of 
the U. S. Geological Survey are useful for this purpose.) 

8. Using a band saw, cut wooden specimens to show folding and fault- 
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ing. Cut one curve to show an anticline; another, a syncline. Cut a third 
block along a fault plane. Paint the rock layers different colors. 

9. Select a talented fellow-student, to paint a large map of the island of 
Hawaii to show volcanoes and lava flows. 

10. Make a list of a dozen or more active volcanoes, and print the names 
at the correct locations on a map of the world. 

11. On the same map print the names and dates of disastrous earth¬ 
quakes in the correct places. 

12. Using molding clay or plaster of paris, mold a relief model of a 
typical volcanic cone. Make a model of the island of Hawaii. 

13. Draw a large map of Washington, Oregon, and Idaho. Outline and 
color the Columbia Lava Plateau. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 

1. The Nature of Bedrock in Our Community 

2. The Uses of Loc al Bedrock 

3. The Characteristics of Local Mantle Rock 

4. The Uses of Limestone 

5. Manufac ture of Portland Cement 
G. Types of Faults 

7. The Dead Sea Depression, a Rift Valley 

8. The Island of Hawaii 

9. Vesuvius 

10. Yellowstone National Park 

11. The San Francisco Earthquake of 190G 

12. The Japan Earthquake of 1923 

13. The Seismograph 

14. Tidal Waves 
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CHAPTER 9. 


Wearing Away and Building 
Up of the Land 


Among the various agents that re¬ 
duce the surface features of the land 
to lower levels, the most important 
are water, ice, and wind. They derive 
their energy mainly from the sun 
and the force of gravity. Year after 
year these forces operate slowly but 
surely to wear away the land surface 
in some places and to build it up in 
others. They are aided by certain 
organic agents, such as plants, ani¬ 
mals, and man, all of which may be 
called the agents of gradation. 

The agents of gradation work in 
many ways. Some are completely 
without motion, their products re¬ 
maining essentially where they were 
formed. These may be called the 
static processes. Others involve mo¬ 
tion in which materials are picked 
up, transported, and put down. 
These are called mobile processes . 
The static processes prepare rock for 
removal; the mobile processes bring 
about its removal and cause its re¬ 
deposition. The mobile processes in¬ 
clude both degradation, or wearing 
away, and aggradation, or building 
up, of the land. 


Landforms mark various stages in 
the process of gradation. Many kinds 
of landforms originate from steps 
and incidents in the gradational 
process. Some of them are forms 
carved in the solid rocks by the 
agents of degradation. Others result 
from the temporary (in the geologi¬ 
cal sense) deposition and peculiar ar¬ 
rangement of material on its way to 
the sea. Climatic conditions greatly 
influence all the processes of grada¬ 
tion. 

STATIC PROCESSES 

Weathering. The term weathering 
is applied to all processes that cause 
rocks to crumble and decay. These 
processes are divided into two 
groups: chemical and mechanical. 
They are, however, usually operat¬ 
ing at the same time. 

Chemical weathering includes the 
processes that cause rock to decom- 
pose, or rot. Some of the minerals in 
the rock undergo chemical change 
(Fig. 168). The principal chemical 
changes are oxidation, carbonation, 
hydration, and solution. 
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1) Oxidation is the uniting of oxy¬ 
gen with another element. Thus, 
iron combines with oxygen to form 
iron oxide. 

2) Carbonalion is the action of 
carbon dioxide (C0 2 ). It is illus- 



Fig. 168. The weathering of granite, shown 
here, is due partly to the chemical decomposi¬ 
tion of the minerals that make up the rock. 
(Courtesy Wisconsin Geological Survey.) 

trated by the solution of limestone, or 
calcite (calcium carbonate, GaCO s ), 
by weak carbonic acid (H 2 CO a ) 
which is formed by a combination 
of water and carbon dioxide. Here, 
indeed, is a most important process 
of chemical weathering. Limestone is 
not dissolved to any extent by rain 
water and, therefore, t an be used as 
a building stone. Ground water, on 
the other hand, because of its contact 
with other substances, is in reality a 
very weak acid, containing not only 
carbonic acid but other acids. The 
carbonic acid changes the limestone 
to a soluble form, which is dissolved 
and carried away. 

3) Hydration is the chemical 
union of water with other elements. 
Thus, limonite is a combination of 
iron oxide and water; gypsum, of 
calcium sulfate and water. 


4) Solution is the dissolving of 
various substances by water. Rock 
salt, for example, is easily dissolved 
and carried away by rain water. 
Vastly more important results of so¬ 
lution are (a) the leaching of soils, 
that is, the removal of the lime con¬ 
tent, which lowers the fertility of the 
soil, and ( b) the formation of caves 



Fig. 169. This cliff, 1000 feet high, in the Grand 
River Valley, near Palisade, Colorado, is an 
example of differential weathering. The vertical 
walls are resistant sandstone; the steep slopes, 
largely shale. (Courtesy U . S. Geological Sur• 
vey.) 

by the solution of underground 
layers of limestone. 

All the processes of chemical 
weathering are promoted by high 
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Fig. 170. Exfoliating granite on a summit of the Sierra Nevada, Alpine County, California. 
(Courtesy U. S. Geological Survey .) 


temperatures and abundant mois¬ 
ture. Chemical weathering, there¬ 
fore, is more rapid in warm than in 
cold climates and in humid than in 
dry climates. Different rocks and 
even different parts of the same rock 
weather at different rates, even under 
the same general conditions. There¬ 
fore, after prolonged weathering, 
some parts of a rock may be greatly 
changed, but others are so little 
changed that they stand out in bold 
relief after the weathered material is 
removed. Such features are said to be 
the result of differential weathering 

(Fig - 169) \ 

Mechanical weathering includes 
all processes by which solid rock is 
broken into fragments but is left 
chemically unchanged. The follow¬ 
ing are the more effective of such 
processes: 

1) The formation of joint planes 
by diastrophism. Water, oxygen, and 
carbon dioxide are able to penetrate 
solid rock along these openings and 


to carry on the work of chemical 
weathering deep in the earth’s crust. 

2) The expansive force of freezing 
water in rock crevices pries apart 
the adjacent minerals or even large 
blocks of rock. When water freezes, 
it expands about one-tenth its vol¬ 
ume. It is a familiar fact that iron 
pipes often are broken when water 
is allowed to freeze in them. Under 
ideal conditions the pressure exerted 
by ice may be even greater than that 
inside a steam-engine boiler. 

3) Tree roots growing in crevices 
exert a wedgelike force that aids in 
prying apart masses of rock. The 
amount of force exerted is illustrated 
by some sidewalks where blocks of 
concrete have been broken loose and 
lifted up by growing tree roots be¬ 
neath. 

4) Sometimes several processes of 
weathering operate together. In some 
places, especially in mountains and 
deserts, one may observe the shelling 
off of the outer layers of rocks. This 
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is probably due to a combination of 
chemical weathering of the outer 
layers, the wedge work of ice, and 
expansion and contraction of the 
rock caused by daily heating and 
cooling. This shelling-off process is 
known as exfoliation (Fig. 170). 

Results of weathering. Without 
question the most important result 
of weathering is the formation of 
: soil, which is the upper part of man¬ 
tle rock. The nature of underlying 
bedrock often determines to a con¬ 
siderable extent the type of soil that 
is formed. A second important result 
is the solution and later concentra¬ 
tion of valuable minerals. A third is 
the slow disintegration and crum¬ 
bling of great mountains, which pro¬ 
vides the loose material carried by 
thousands of streams on their way to 
the sea (Fig. 171). 

MOBILE PROCESSES 

Erosion. The weathering processes 
commonly are followed, but not al¬ 
ways immediately, by degradational 
processes which remove the weath¬ 
ered rock fragments from the places 
of their origin. As these rock parti¬ 
cles are moved from place to place, 
they rub against and wear away the 
surface of the earth. Erosion is the 
term applied to the grinding of rock 
on rock and the removal of rock 
waste. It should be emphasized that 
transportation is the essential factor 
in erosion. This transportation is ac¬ 
complished mainly by the following 
agents of erosion: (1) underground 
water, (2) surface running water, (3) 


moving snow and ice, (4) waves, and 
(5) wind. 

The rate at which weathered ma¬ 
terial is transported by the agents of 
erosion depends to a considerable 
degree on the slope of the land. On 
steep cliffs, gravity itself removes 
weathered rock fragments about as 
fast as they are loosened. This leaves 
the rock of the cliff bare. On flat 
surfaces, even in rainy regions, the 
products of weathering tend to accu¬ 
mulate to greater depths. Transpor¬ 
tation on flat surfaces must, in most 
cases, necessarily be slow. 

Deposition. The agents of erosion 
pick up, transport, and deposit rock 
particles. It is, of course, during the 
period of transportation that erosion 
of bedrock takes place. Ultimately, 
however, the transported material is 
laid down, perhaps temporarily or 
for thousands of years. This deposi¬ 
tion of sediment is aggradation. An 
example of such deposition is the 
familiar sand bar in a stream or the 
delta at the mouth of a river. Ag¬ 
gradation functions to fill slowly the 
depressions and basins of the earth’s 
surface with loose rock waste. By this 
process certain landforms, such as 
floodplains, are developed. In many 
instances, such landforms are of vital 
importance in the environment of a 
given locality. 

GROUND WATER CHANGES 
THE LAND 

Ground water exists in the pore 
spaces of mantle rock, in porous 
rocks, and in the joint cracks and 
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Fig. 171. Weathering of rocks is more rapid in mountains than on plains, partly because of greater 
changes in temperature and steeper slopes. This picture, taken in Glacier National Park, north¬ 
western Montana, shows Mount Reynolds and Hidden Lake. In the immediate foreground is the 
lake. Accumulations of rock waste, forming talus slopes, may be seen on the far side of the 
lake, some in combination with sloping ice banks. Other talus slopes appear farther up the 
mountain side. Note the bend in sedimentary rock layers in the mountain on the left. ( Photograph 
by Hileman , courtesy U. S. Department of interior. National Park Service .) 
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Fig. 172. The undulating surface of a ground-water table and its relation to the land.relief and 
drainage features. 


other crevices of all rocks as far down 
as crevices and pore space extend. 
The greater part of the pore space 
and, therefore, of the water is within 
a few hundred feet of the earth’s 
surface. Many impervious or tightly 
capped rocks at great depths are es¬ 
sentially dry. 

The ground-water supply is main¬ 
tained principally by the part of pre¬ 
cipitation that penetrates the mantle 
rock. At depths that vary greatly, all 
pore space is filled with water, and 
the ground is said to be saturated. 
The water table is defined as the top 
surface of the zone of the earth’s crust 
that is saturated with water (Fig. 
172). It is sometimes called the 
ground-water level, but its surface is 
by no means level. Its depth varies 
with water supply, elevation, and 
slope of the land. In humid regions 
it is nearer the earths surface than 
in dry lands. It is usually deeper 
in hills than in lowlands and often 
comes to the surface as a spring. 

Gradational work of ground water. 
The gradational work of ground 
water is mainly chemical, because in 
most rocks it moves too slowly to ac¬ 
complish much mechanical erosion. 
Landslides and soil-creep on slopes 
result largely from the “lubricating” 


effect of ground water; that is, the 
presence of underground water in¬ 
creases the tendency of soils to slip 
down slopes. However, the principal 
work of ground water as it influences 
landforms has to do with solution 
and the redepositing of dissolved 
minerals. 

Solution, a phase of chemical 
weathering, is widespread. It is a 
process capable of giving rise to cer¬ 
tain landforms. The solution of lime¬ 
stone by ground water containing 
weak carbonic acid may honeycomb 
the underlying bedrock of a region. 
Caverns and other cavities may be 
so close to the earth’s surface that 
their roofs collapse. The land surface 
in such a region is likely to be dotted 
with numerous depressions and is 
said to have karst topography. Rain 
that falls on such a region tends to 
disappear into underground channels 
instead of forming the usual net¬ 
work of surface streams. 

Under favorable conditions ground 
water may become overcharged with 
dissolved mineral matter and be 
forced to deposit some of it. The 
main causes of such deposition are 
evaporation of some of the water and 
a decrease in temperature. 

There are other causes of a chemi- 
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cal nature. The deposited minerals 
are chemical precipitates. A familiar 
example is the lime in a teakettle or 
the salt that remains when salt water 
evaporates. In most limestone caves, 
water drips from the roof in many 
places. As it clings to the roof, some 
evaporation takes place, and over a 
long period of time a stalactite is 
formed of the mineral matter, mainly 
calcite, carried in solution. When 



Fig. 173. A cave caused by the solution of 
limestone. Note the following: A, stalactite; B, 
stalagmite; C, column; D, sinkhole. Much of the 
rainfall in such a region seeps into the ground 
through sinkholes and other crevices that lead 
to the cave. 

the water drops to the floor, further 
evaporation causes the formation of 
a stalagmite (Fig. 173). In some cases 
the two deposits combine to form a 
column (Fig. 174). In Carlsbad Cav¬ 
erns these formations reach consider¬ 
able size. One stalagmite is more 
than 15 feet in diameter at the base 
and about 62 feet in height. 

Of greater importance are certain 
less spectacular types of deposition. 
For example, ground water charged 
with lime may enter a bed of sand, 
cementing the sand grains to form a 
limy sandstone. Silica or lime may 
be deposited in crevices to form 
veins. Wood, bones, and shells are 
petrified by the action of ground 


water carrying silica or lime. A bur¬ 
ied tree trunk, for example, is re¬ 
moved, molecule by molecule, and 
replaced with silica or quartz of vari¬ 
ous colors, often keeping even the 
microscopic details of internal struc¬ 
ture. 

The removal and replacement of 
minerals by ground water is an im¬ 
portant factor in the formation of 
certain earth resources. The valuable 
deposits of mineral ores are largely a 
result of this process. The deposit 
may be in the form of a large vein 
of ore, such as lead sulfide, or galena; 
or tiny quantities of a pure metal, 
such as gold, may be deposited in 
small cavities scattered throughout a 
vein of quartz. Thus an important 
function of ground water, from the 
economic standpoint, is the collect¬ 
ing of valuable minerals from great 
masses of rock and redepositing them 
in a more concentrated form. 

RUNNING WATER CHANGES 
THE LAND 

The most widespread erosion done 
by running water is that accom¬ 
plished by the immediate runoff , 
that part of the precipitation which 
does not soak into the ground or 
evaporate into the air. The runoff 
may start its work as a sheet of water; 
but ordinarily, within a short dis¬ 
tance, it collects into a stream. 

Erosional work of streams. As 
streams grow larger, they are main¬ 
tained by springs and seepage of un¬ 
derground water. Streams flow in 
valleys, and most valleys start as 
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Fig. 174. A view inside Carlsbad Caverns, a national park located in southeastern New Mexico. 
Bedrock in this region is limestone. Shown here are huge stalagmites, composed mainly of calcium 
carbonate. The largest one is 62 feet high and 16 feet in diameter. Smaller stalactites, resembling 
icicles, hang from the ceiling. The "Big Room" in Carlsbad Caverns is some 4000 feet long, with 
a ceiling about 300 feet above the floor. The daily tour through Carlsbad, conducted by rangers 
of the National Park Service, requires several hours. 

The portion of the cave inhabited by those remarkable mammals, bats—animals with the "radar 
ears"—is not disturbed. In the late evening thousands of bats may be observed flying from the 
mouth of the cave. (Courtesy Santa Fe Railway.) 

gullies. Running water makes them water pours in at its upper end. This 
longer, deeper, and wider. is called headwater erosion (Fig. 175). 

A normal gully begins at the base New gullies branch from the sides 
of a slope and grows in length by of the first one and lengthen in the 
erosion at the point where surface same manner. Where mantle rock is 
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Fig. 175. This large gully is slowly gnawing its way into a fairly level field. Numerous temporary 
waterfalls result from heavy rains in nearby hills. The chunks of soil that have fallen into the gully 
soon will be washed away. This is an example of headwater erosion. Such gullying has ruined 
many fields. (Courtesy U. S. Soil Conservation Service.) 


somewhat uniform, gullies normally 
have a branching, or treelike, rela¬ 
tion to one another. Gullies of this 
kind may grow on unprotected slopes 
in such numbers as to create a serious 
problem in the control of soil ero¬ 
sion. This pattern of drainage in¬ 
creases in size until it may cover a 
large area. 

The major stream with all its 
tributaries is called a river system. 
The depression, or channel, that 
each stream has cut for itself is a 
valley . The entire area of land 
drained by a river system is called a 
drainage basin. An irregular line 
along an upland separating two ad¬ 
jacent drainage basins is called a 
divide. 

Valleys are deepened by their 


streams, which, using sand or gravel 
as tools, erode the bedrock and re¬ 
move the loose material. The rate of 
valley deepening depends upon (1) 
the velocity of the stream, (2) its vol¬ 
ume, (8) the kind and amount of 
tools available, and (4) the resistance 
of the bedrock. 

The velocity of a stream is deter¬ 
mined mainly by its gradient , or de¬ 
gree of slope from source to mouth. 
Streams with steep gradients are 
swift and, given tools, are able to 
deepen their valleys more rapidly 
than other streams of similar volume 
but with lower gradients. In a river 
system the newer tributaries and 
headwater streams usually have 
steeper gradients than the waters of 
the middle and lower courses where 
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Fig. 176. Changes in the profile of a valley: 
A, V-shaped profile of a young valley; B, start 
of meandering; C, retreat of valley bluffs; D, 
meander belt and long meander; E, meander 
cut off and floodplain widened by trimming 
of bluffs. The width of the floodplain is meas¬ 
ured from bluff to bluff. 


erosion has been longer in progress. 
For that reason, the tributary streams 
may be eroding rapidly; and the 
main stream, in its lower course, may 
have a gradient so low that it no 
longer cuts downward, and more 
material collects in its channel than 
it is able to transport. Streams of 
high velocity transport much more 
sediment than those of similar vol¬ 
ume but low velocity. 

In time, a channel may deepen to 
a gradient so low that the stream 
flows sluggishly. Then it barely trans¬ 
ports the material supplied to it by 
its tributaries, and it will deposit 
sediment temporarily in its valley 
bottom. Such is said to be a graded 
stream, or a stream at. grade . Over a 
long period of time, a stream will 
reach the lowest gradient at which it 
can flow. Then it will not transport 
any material and, therefore, will not 
degrade its valley further. Such a 
stream is said to have reached its 
base level . 

Young streams and their valleys. 

Young streams, because of steeper 
gradients, usually have high veloci¬ 
ties. They cut downward more vigor¬ 
ously than they cut sidewise. Their 
valleys are widened at the top as the 
rock waste, loosened by weathering 
and rain, falls to the bottom. To an 
observer looking upstream or down¬ 
stream, such valleys appear typically 
V-shaped (Fig. 176). In loose material 
which washes easily, the V is likely 
to be broad and open; in hard rock 
it tends to be narrow and gorgelike. 

In plateaus and mountains young 
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valleys are often canyons or gorges. 
In lowlands they are only a few feet 
deep but maintain the V shape. Both 
are young in terms of stage of devel- 



Fig. 177. Waterfalls and rapids are more nu¬ 
merous in young streams than in either mature 
or old. Young valleys are typically V-shaped 
and range in size from tiny gullies in a plowed 
field to deep canyons. (Photograph by M. H. 
Shearer .) 

opment, although there may be a 
vast difference in their ages meas¬ 
ured in terms of years. 

Young streams, rapidly eroding, 
often find their courses through rocks 
of unequal resistance which erode at 
different rates. The abrupt changes 
in gradient, which jesult from un¬ 
equal erosion, cause the courses of 


many young streams to be inter¬ 
rupted by waterfalls and rapids (Fig. 
177). In older streams, which are 
nearing grade, time has permitted 
erosion to carve away even the hard¬ 
est rocks, and falls and rapids tend 
to disappear. 

Mature streams and their valleys. As 

a stream approaches base level, both 
stream and valley take on new char¬ 
acteristics. The stream becomes less 
swift and is readily turned aside. It 
begins to swing against its valley 
walls, cutting at their bases and push¬ 
ing them apart by undercutting. 
Widening becomes more rapid than 
deepening. The stream swings from 
side to side on a widening valley 
floor in broad loops called meanders 
(Fig. 178). 

Surface relief of the land. As you 

travel from place to place, observe 





Fig. 178. A stream meandering in an alluvial 
floodplain between rock walls. (Courtesy U. 5. 
Geological Survey .) 


the nature of the land surface. Are 
most of the valleys young, mature, or 
old? Note how the agents of erosion 
have influenced the slope of the land. 
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The degree to which erosion has 
changed the land surface makes it 
possible for us to identify three types 
of landscape: (1) youth, (2) maturity, 
and (3) old age. 

As stream valleys develop, so do 
the relief features of the regions 
through which they flow. In some 
areas, streams generally are young, 
and valleys are narrow. The tribu¬ 
taries are undeveloped and few. The 
uplands between streams are broad 
and relatively flat. The streams have 
only begun the task of reducing the 
land toward base level. Such a region 
is said to be in the stage of youth 
(Fig. 179/1). 

As erosion continues, many new 
tributary streams and a large number 
of gullies are formed. These cut into 
the former broad uplands. Valleys 
grow deeper and wider. The whole 
area becomes one of rolling hills. Di¬ 
vides between drainage basins are 
easily traced. Such a region is said 
to have a mature surface (Fig. 1795). 

Progress of erosion beyond matu¬ 
rity enables the streams, first the 
larger ones and then the tributaries, 
to reach their respective grades. Be¬ 
yond this point there is still a slow 
reduction of the land surface by 
weathering and slope wash. The re¬ 
gion ultimately acquires broadly 
open and level-floored valleys, or 
floodplains, which are separated by 
low rolling divides. This stage in 
surface development is referred to 
as old age (Fig. 179C). 

How streams deposit material. A 
stream that is overloaded with rock 


material is forced to deposit some of 
its sediment at various places. The 
term alluvium is applied to such 
stream deposits. The action of run¬ 
ning water tends to sort the trans¬ 
ported material roughly according to 



Fig. 179. Development of a land surface by 
stream erosion from youth A, through maturity 
B, to old age C. The dotted white line indicates 
the base level toward which the streams are 
working. 

the weight of the particles. This sort¬ 
ing action results in the formation of 
layers of gravel, sand, silt, and clay. 
Water-deposited sediments, there¬ 
fore, tend to be stratified. 

Streams become overloaded with 
sediment for several reasons: (1) A 
decrease in velocity decreases carry¬ 
ing power. It is a well-known fact 
that the faster a stream flows, the 
more sediment it can carry. (2) Trib¬ 
utaries may bring more sediment 
than the main stream can carry. It 
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Fig. 180. The small stream is widening its valley bottom by undercutting on the outside and 
depositing on the inside of a bend. (Photograph by F. W. Lehmann, courtesy Chicago, Burlington, 
and Quincy Railroad .) 


is possible for a number of streams 
to transport so much sediment to a 
main river that the channel of the 
river may become choked. (3) A de¬ 
crease in volume of the stream may 
result from a decrease in rainfall, 
from seepage of water into the 
ground, or from evaporation. For ex¬ 
ample, a stream that originates in 
mountains where rainfall is abun¬ 
dant and then flows across a desert 
is almost certain to have its volume 
reduced and, consequently, its ca¬ 
pacity to carry sediment. 

The slowing-up of a stream is per¬ 
haps the most common cause of dep¬ 
osition. This is especially marked at 
the base of mountains where the 
stream gradient is suddenly lessened 
and at places where streams flow into 
lakes or seas. Also, on the insides of 


the bends of rivers there are spots of 
quiet water where sediment is de¬ 
posited. 

Where streams deposit. On the in¬ 
side of the curve . As a stream swings 
around a bend in its channel, the 
water on the inside of the curve will 
have the lower velocity (Fig. 180). 
It is here that sand bars are formed. 
Sand bars and mud flats choke the 
stream channel and increase the dan¬ 
ger of floods at the time of high 
water. Gradually, by swinging out 
against the valley wall on one side 
and depositing on the other, the 
stream produces the broad, flat valley 
of old age. During floods, this valley 
is covered with alluvium. Such level 
land next to a river is called a flood - 
plain . 

Along stream banks . Sometimes a 
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Fig. 181. Conformation of a small, fairly steep alluvial fan in Nevada. The apex of the fan 
lies at the mouth of the gully from which the material was eroded. (Photograph by John C. Weaver.) 


stream, loaded with sediment, rises enters a lake or sea, deposition re¬ 
in time of flood and overflows its suits. The extensive accumulations 
channel. It spreads out upon the of sediment at such locations are 
floodplain. Much material is depos- called deltas. Deltas fail to develop 
ited immediately along the stream in some cases because (1) the sea 
banks where the water first goes out water may be too deep and (2) strong 
of its proper channel and loses its waves and currents remove the sedi- 
velocity. On the banks, therefore, the ment. As the delta becomes larger, 
alluvial accumulation is thickest. It the main stream overflows into sev- 
generally forms low, broad ridges eral outlets across the muddy surface, 
bordering the stream. These low These additional outlets are called 
ridges, which are slightly higher than distributaries. 

the rest of the floodplain, are called At sharp decreases in valley gradi- 
natural levees. ent. The velocities of mountain 

At the stream mouth. Nearly all streams are checked suddenly where 
streams are able to carry some sedi- their courses extend out upon adja- 
ment down their entire courses and cent plains. It is here that broad, 
out at their mouths. Where the ve- fan-shaped or conical accumulations 
locity of the stream is checked as it of sediment are deposited. These are 
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Fig. 182. Iceberg Glacier and Iceberg Lake in Glacier National Park. (Photograph by Hileman, 
courtesy Great Northern Railway.) 


called alluvial fans (Fig. 181). In hu¬ 
mid regions many mountain streams 
have sufficient volume to carry their 
sediment farther down their courses 
and, therefore, do not form such de¬ 
posits. It is in dry regions that allu¬ 
vial fans reach their greatest devel¬ 
opment. There the mountain streams 
are sometimes dry, sometimes flooded. 
Such conditions favor the develop¬ 
ment of alluvial fans, and they may 
grow until they reach a radius of sev¬ 
eral miles. Along the bases of some 
mountain ranges, every stream has 
its alluvial fan, large or small, and 
the fans are so crowded that adjacent 
fans spread and join, making one 
continuous piedmont alluvial plain. 
(Piedmont means at the foot of the 
mountain.) 


GLACIERS 

A glacier is a body of ice that 
moves slowly over the earth’s surface 
(Fig. 182). In cold climates, either in 
high latitudes or in high mountains, 
accumulations of snow form snow 
fields. Alternate melting and freez¬ 
ing ultimately change the snow to 
ice, which, partly as a result of the 
force of gravity, slowly moves down¬ 
hill. The perennial snows of high 
mountains give rise to valley glaciers. 
As the snow accumulates, the mass 
of ice becomes larger, expands, and 
pushes its lower portions down the 
valley. As long as the supply of snow 
is renewed from above, the glacier 
will continue to move. 

The protruding ice tongue that 
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creeps slowly forward conforms to 
the shape of the valley in which it 
lies. Its rate of motion depends 
largely upon the thickness of the ice 
and the steepness of the valley gradi¬ 
ent. It is usually a few feet per day. 
However, some glaciers in Alaska 
and Greenland have been known to 
flow 40 to 50 feet per day. 

The advancing end of the ice 
tongue, extending down a mountain 
valley, ultimately reaches lower ele¬ 
vations where higher average tem¬ 
peratures prevail, and the ice wastes 
by melting. As long as the average 
forward movement of the ice is 
greater than the amount lost by 
melting, the front of the ice tongue 
will continue to advance. When the 
rates of advance and melting are 
equal, the ice front will remain sta¬ 
tionary. If melting predominates, the 
front edge will retreat up the valley, 
although the ice is still moving down¬ 
ward. 

Some valley glaciers in high lati¬ 
tudes, for example in Alaska and 
Greenland, are able to push so far 
down their valleys that they reach 
the sea. They are called tidal glaciers. 
Instead of melting away in the sea, 
the ends of the glaciers are continu¬ 
ally broken off by the buoyance of 
the sea water, and great chunks float 
away in the form of icebergs. 

Two or more valley glaciers may 
combine at the base of a mountain. 
An example is the great Malaspina 
Glacier in southern Alaska. It is 
about 25 miles in width and extends 
back into the mountains for 60 to 
70 miles. 


The surface of a glacier is by no 
means smooth. Pressure may cause 
great masses of ice to be pushed 
above the general level. Huge cracks 
in the ice, known as crevasses , are 
often of unknown depth and consti¬ 
tute a dangerous hazard to travel 
over the glacier surface. On top of 
stagnant parts of the Malaspina Gla¬ 
cier, broken rocks and earth have 
collected to a depth sufficient to 
support the growth of trees. 

Continental glaciers. Great conti¬ 
nental ice sheets now cover most of 
Greenland and Antarctica. In Green¬ 
land, the great mass of ice is more 
than a mile thick near the center and 
covers more than 700,000 square 
miles. This is an area greater than 
that of the tier of states from Texas 
to North Dakota, inclusive. The ice 
sheet pushes outward in all direc¬ 
tions, forming many coastal valley 
glaciers. Some of these which reach 
the sea on the west side break off as 
icebergs, which are carried south by 
the Labrador Current into the path 
of ocean liners plying between New 
York and Europe. The antarctic ice 
sheet is considerably larger than the 
United States. 

Extensive continental glaciers for¬ 
merly covered the northern half of 
North America and much of north¬ 
western Europe (Fig. 183). They 
had their origin as huge snow fields 
which changed to ice and, by expan¬ 
sion, moved outward, especially to¬ 
ward the south. 

It is a mistake to assume that these 
great ice sheets were produced by ex- 
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treme changes in climate. The only 
requirement for continental glacia¬ 
tion is that snowfall be somewhat 
greater, or the temperature some- 




Fig. 183. Maximum extent of the continental 
glaciers of North America and Europe. A. The 
letters indicate the Keewatin, Patrician, and 
Labradorean centers of glacial movement. B. 
The principal center of European glaciation was 
in Sweden or the present site of the Gulf of 
Bothnia. 

what lower, than at present. If the 
temperature is low enough, then the 
snow of one year is not quite all 
melted when that of the next year 
begins to fall. If that condition pre¬ 
vails, the accumulation spreads inch 
by inch and century by century. The 


ice margin moves equatorward until 
it reaches a position where loss by 
melting equals the rate of advance. 
The disappearance of such a glacier, 
conversely, results from a decrease 
in snowfall or an increase in tempera¬ 
ture. The time required for either 
growth or disappearance probably 
runs into tens of thousands of years. 

Areas of former continental glacia¬ 
tion. The European ice sheet radi¬ 
ated from centers located in the Bal¬ 
tic Sea region and Scotland and ex¬ 
tended southward into England, the 
Netherlands, Germany, Poland, and 
Russia. The centers of North Ameri¬ 
can glaciation were on each side of 
Hudson Bay. From the American 
centers the ice spread outward but 
more extensively southward. It 
reached a line that trends from New 
York City westward across southern 
New York state to northeastern Ohio 
and from there along nearly the pres¬ 
ent courses of the Ohio and Missouri 
rivers to the Rocky Mountains. 
Within this boundary the only dis¬ 
trict to escape burial beneath the ice 
sheets was a large area located in 
southwestern Wisconsin and adja¬ 
cent parts of Illinois, Iowa, and Min¬ 
nesota. It is known as the driftless 
area . At the time of the continental 
ice sheets, there were much larger 
glaciers than now exist in the moun¬ 
tains of both North America and 
Europe. 

How glaciers erode. Clean glacial 
ice is able to erode rock mainly by 
pushing and by “plucking.” Rock 
pinnacles or other unstable or de¬ 
tached rocks are readily toppled over 
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Fig. 184. Glacial striae and polish on granite, upper valley of Ireland Creek, in the Sierra Nevada, 
California. Such striae, or grooves, on bedrock indicate the direction in which the glacier moved. 
(Courtesy U. S. Geological Survey.) 


by the great weight of the advancing 
glacier, and loose earth is plowed up 
by it or frozen into the ice and car¬ 
ried forward. Using as tools the rocks 
thus obtained, the moving ice ac¬ 
complishes a tremendous amount of 
erosion. The tools, in their slow mo¬ 
tion, gouge, groove, scratch, and pol¬ 
ish the rock surfaces over which they 
pass. In the process the tools them¬ 
selves are scoured, scraped, and re¬ 
duced in size. They lose their sharp 
angularity and become partially 
rounded. The parallel scratches that 
may be observed on such rocks and 
on glaciated bedrock are called gla¬ 
cial striae (Fig. 184). 

How glaciers deposit. The load of 
a glacier is comprised of rocks and 


earth intermingled without regard 
to size or weight. It is carried in part 
upon the ice surface or frozen into 
the ice mass, but even more in its 
bottom, because that is where most 
of it is obtained. The lower layers of 
ice in some glaciers are so crowded 
with clay, sand, and boulders that 
the earthy material is more abun¬ 
dant than the ice. 

When the glacier melts, the rock 
waste remains as boulder clay 9 or 
till . Mixed with the soil and gravel 
are large glacial boulders called 
erratics . They are often entirely dif¬ 
ferent from local bedrock. Granite 
boulders, for example, are found in 
regions of sandstone. The. layer of 
boulder clay in some places is very 
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thin; in others it reaches a thickness 
of scores of feet. Where roads are cut 
through glacial deposits, the earth 
materials usually are not stratified, 
which is in contrast with water-laid 
sediments. The glacial drift that 
forms the till sheet over extensive 
areas is called ground moraine. 

Other types of moraine are formed 
by moving ice. As the front end of 
the glacier advances, it pushes rock 
waste ahead of it, forming end mo¬ 
raines . These are often observed as 
long, continuous ridges of glacial 
drift, in places more than 100 feet 
high. Rock waste accumulates along 
the sides of a valley glacier and on 
top of the ice, at times becoming 
thick enough to support the growth 
of trees. 

Much of the glacial load, however, 
does not stop under the ice or upon 
the moraines about its margin. This 
material is carried beyond the glacier 
margin by the streams of water that 
result from the melting of the ice. 
lake all stream-transported earth, it 
is sorted somewhat according to 
weight, the fine muds being carried 
farthest and the coarser, heavier ma¬ 
terials being put down close in front 
of the ice. Broad deposits of such 
sediment are known as outwash 
plains . Much of Long Island, New 
York, is an outwash plain. 

Glacial erosion and deposition dis¬ 
turb the normal processes of stream 
development. In some ice-scoured 
valleys several rock basins may be 
eroded, and these become the sites 
of small lakes. Unequal resistance of 


bedrock produces many waterfalls. 
Regions covered with recent glacial 
drift have little order or pattern in 
their drainage systems. Differences in 
the age of glacial drift in various lo¬ 
calities indicate that North America 
was invaded by continental glaciers 
at least three times, all within a com¬ 
paratively recent period in earth 
history. 

WAVES AND CURRENTS 

The oceans, seas, and lakes of the 
earth cover more than 71 percent of 
its surface and are important agents 
in the making and changing of land- 
forms. The work of such water bod¬ 
ies is accomplished chiefly by waves 
and currents, which are caused 
mainly by the wind (Fig. 185). Most 
erosion and deposition done by 
waves and currents take place along 
the margins where land and sea meet 
and shallow water prevails. 

How waves and currents wear away 
land. Most marine erosion is accom¬ 
plished by waves. In shallow water, 
waves stir up and agitate the mate¬ 
rials of the ocean floor. With the 
help of currents, this material is 
shifted to lower places. This process 
results in a general leveling of the 
sea floor. 

There is little forward motion of 
the water in the waves of the open 
sea. The wave form moves forward, 
just as waves may be seen to run 
across a field of standing grain or 
may be sent along a shaken rope. As 
a wave enters shallow water, it even¬ 
tually topples over, or breaks. This 
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Fig. 185. Wave erosion in Acadia National Park, on the coast of Maine. (Courtesy U. S. Depart¬ 
ment of the Interior.) 


motion throws forward a consider¬ 
able amount of water. The water 
thrown forward by breaking waves 
rushes upon the shore. There it loses 
speed and runs back, under the pull 
of gravity, beneath the oncoming 
waves. The returning water, flowing 
seaward along the ocean floor, is 
called the undertow . It has sufficient 
force to be a factor in erosion. 

The erosive work of waves is ac¬ 
complished (1) by the forward mo¬ 
tion or slap of the water as the waves 
break and (2) by the sand and rocks 
that they carry and use as tools. In 
either case the principal work is done 
where the waves break. 

On exposed coasts, where deep 
water lies immediately offshore, even 


great waves do not break until they 
reach the shoreline. There the force 
exerted by the sheer weight of the 
water in great waves is truly impres¬ 
sive. Blows of a ton or more per 
square foot are not uncommon. This 
is sufficient to dislodge and move 
about rock fragments of great weight. 
The effect of the undertow is to 
move the broken fragments away 
from the shore into deeper water 
where they are caught by oncoming- 
waves and moved shoreward again. 

This ceaseless shifting of sand, 
pebbles, and even boulders grinds 
away at the ocean shore. The general 
effect is to cut back coastal projec¬ 
tions, decreasing the area of the con¬ 
tinent and straightening the coast. 
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Where winds more or less parallel 
the shore, shore currents are set up, 
which serve to transport sediment 
from one part of the coast to another. 

How waves and currents aggrade 
land. The products of wave erosion 
together with the sediment emptied 
into the sea by rivers are shifted 
about and deposited by waves and 
currents. Because wave activity does 
not extend to great depths, the sedi¬ 
ment does not spread far from shore. 
The coarser rock fragments are de¬ 
posited first, and the finest are car¬ 
ried farthest out. This process results 
in a general assortment of shore de¬ 
posits according to their sizes. 

Silt and clay are carried to greater 
depths or are deposited in bays of 
quiet water. Sand covers extensive 
areas of the ocean bottom near shore. 
In some places calcium carbonate 
accumulates, together with the limy 
shells of small marine organisms. 
This is the origin of the muds, sands, 
and limes that form shale, sandstone, 
and limestone. These sedimentary 
rocks in many regions have been up¬ 
lifted from shallow sea margins and 
have become parts of the continents. 

Where waves and currents aggrade. 
The deposition of sediment along¬ 
shore modifies the coast in several 
ways and influences its adaptability 
for human use. Deposition, for the 
most part, takes place in shallow 
waters, in protected bays or lagoons, 
and on the leeward side of projecting 
coastal features. The more important 
shore features thus developed will 
be discussed in Chapter 14. 


WIND CHANGES THE 
LAND SURFACE 

How wind degrades land. The wind 
is an important transporting agent. 
The air is never without dust in sus¬ 
pension. Winds of high velocity are 
capable of moving sand for some dis¬ 
tances. 

Some of the materials carried by 
wind are thrown into the air by vol¬ 
canic explosions, but the greater part 
is obtained by the wind directly from 
the earth. This process of surface 
degradation, during which earth is 
whipped up by the wind and is trans¬ 
ported from one place to another, is 
called deflation. 

Deflation is least effective in hu¬ 
mid regions where vegetation pro¬ 
tects the soil from wind action. It is 
most effective in semiarid lands and 
deserts, along sandy coasts, and over 
freshly plowed fields. From large 
areas of the desert surface most of 
the fine material has been removed 
by the wind. This leaves a desert 
pavement of the heavier gravels and 
boulders (Fig. 119). 

The process of deflation is to some 
extent aided by wind erosion, or 
abrasion. The wind-carried sand par¬ 
ticles scratch, polish, and reduce one 
another and, to some extent, the 
solid rock (Fig. 186). As the rock par¬ 
ticles become finer, they may be 
moved long distances. 

How wind aggrades. Wind, like 
streams and waves, deposits its load 
of coarse material promptly. How¬ 
ever, it is able to carry fine particles 
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Fig. 186. Toadstool Park, near Adelia, Sioux County, Nebraska. The erosion has been caused 
mainly by wind-blown sand. Between the protruding thin layers of resistant sandstone are softer 
layers of clay. (Courtesy U. S. Geological Survey.) 


farther and distribute them more 
widely. Loose sands are supplied in 
abundance by the weathering of des¬ 
ert rocks or by wave deposition on 
the shorelines. Where the sands are 
not anchored by vegetation or mois¬ 
ture, they are whipped up by the 
wind and drift into the shelter of 
some obstruction. Thus begins the 
growth of a sand dune, or sand hill, 
which, by its own height, provides its 
own shelter and promotes its own 
growth. Some sand dunes move 
slowly, because the wind drives the 
sand up the windward side and down 
the leeward. 

The dust supplied by rock weath¬ 
ering and abrasion in dry regions is 


scattered by prevailing winds over 
wide expanses. There probably is a 
considerable quantity of wind-blown 
dust in most soils. However, such 
dust is particularly abundant and 
may attain great thickness in regions 
that are visited by dry, dusty winds 
coming from arid lands. 

Considerable accumulations of 
wind-deposited dust are called loess. 
In northern China the northwest 
winter winds from The Gobi have 
formed loess deposits that in places 
are more than 100 feet thick (Fig. 
187). Other extensive deposits are 
found in central United States and 
central Europe (Fig. 188). Loess 
covers much of eastern Washington. 




23 


THE EARTH AND ITS RESOURCES 



Fig. 187. The wind-laid loess of northwestern China covers an area of 119,900 square miles, and the volume is estimated at 2852 
cubic miles. This does not include the alluvial plains that are built in part of loess. (From "China's Geographic Foundations/' by 
G. B, Cressey, McGraw-Hill Book Co.) 
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SUMMARY 

This chapter deals with the proc¬ 
esses by which the features of the 
land are made. 

The gradation processes are di¬ 
vided into static and mobile. The 
static processes, or weathering, are 
subdivided into (1) chemical, such as 
oxidation, carbonation, hydration, 
and solution; and (2) mechanical, 
such as jointing, expansion of freez¬ 
ing water, and exfoliation. 

The mobile processes are subdi¬ 
vided into degradation and aggrada¬ 
tion. Degradation is the wearing 
away of the land surface by under¬ 
ground water, rivers, glaciers, waves, 
and wind-blown sand. Aggradation 

QUESTIONS 

1. What is the difference between static and mobile processes of grada¬ 
tion? 

2. Define weathering. 

3. Define chemical weathering. List the principal chemical changes in¬ 
volved in weathering. 

4. Explain carbonation. 

5. Give an example of hydration; of solution. State two important re¬ 
sults of solution. 

6. What is differential weathering? 

7. Explain the more important processes of mechanical weathering. 

8. Mention three important results of weathering. 

9. Define erosion. Name the agents of erosion. 

10. Define aggradation. 

11. What is ground water? How is it supplied? 

12. Define water table. 

13. What are the results of solution by ground water? 

14. What causes ground water to precipitate its mineral load? 

15. Explain the formation of caves; of stalactites and stalagmites. 

16. Explain the formation of petrified wood; of veins of ore. 

17. What is immediate runoff of rain water? headwater erosion? 


is the building up of certain land 
features by these same agencies. 

The next several chapters will con¬ 
sider mainly the results of these proc- 



Fig. 188. The principal loess deposits of the 
United States. (After C. F. Marbut, U. S. Depart¬ 
ment of Agriculture .) 


esses which operate to change the 
surface of the land. 
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18. Define river system; drainage basin; divide. 

19. What factors determine the rate of valley deepening? 

20. Define gradient of a stream. What effect does gradient have on stream 
velocity? 

21. How does the velocity of a stream affect its ability to carry sediment? 

22. What is a graded stream? What is base level? 

23. Describe young streams and their valleys. 

24. Why are waterfalls and rapids characteristic of young valleys? 

25. Describe mature streams and their valleys. What is a meander? 

26. Describe the three stages in the development of the general surface 
relief of the land. 

27. What is alluvium? Why is it usually stratified? 

28. Why do some streams become overloaded with sediment? 

29. Where are sandbars usually formed? Why? 

30. What is a floodplain? a natural levee? How is cadi formed? 

31. What is a delta? a distributary? Why do deltas fail to develop at the 
mouths of some rivers? 

32. Explain how and where alluvial fans are formed. What is a piedmont 
alluvial plain? 

33. What are valley glaciers? How fast do they move? 

34. Explain the following: tidal glaciers; iceberg; crevasse. 

35. Discuss the Greenland ice cap. 

* 36. What climatic changes would be necessary to start another ice age? 

37. Locate areas of former continental glaciation in Europe and North 
America. 

38. Where is the driftless area? 

39. How do glaciers erode? What are striae? 

40. Define or explain erratics; ground moraine. Explain how to differen¬ 
tiate between moraine and water-deposited sediments. 

41. Name and describe the two principal types of moraines. 

42. Explain how an outwash plain is formed. 

43. How is the erosive work of waves accomplished? 

44. What ocean sediment forms shale? sandstone? limestone? 

45. Where do waves and shore currents deposit sediment? 

46. What is deflation? desert pavement? wind abrasion? 

47. What is a sand dune? Why do some slowly move? 

48. Explain how loess deposits are formed. Why are they so deep and 
widespread in northern China? 
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SUGGESTED ACTIVITIES 

1. If possible, make local field trips to selected places to study the work 
of weathering, erosion, and deposition. 

2. Sketch a map to show the general drainage and relief features of your 
community. 

3. Try to find examples of differential weathering or erosion in your 
community. 

4. Make cross-sectional or profile drawings of valleys in different stages 
of development. Use various topographic maps for this purpose. 

5. Using molding material, make relief models of different types of 
valleys. 

6. Observe soil (“sheet”) erosion in your locality. Find out the methods 
of combating such erosion. 

7. Make a relief model of an imaginary region partly covered by a 
glacier. Use different colors to show the ice sheet, moraines, outwash plains, 
and other glacial features. 

8. Make a small relief model to show stalactites, stalagmites, and 
columns. 

9. Weigh a rock in air. Then tie a string around it, submerge it in water, 
and weigh it. How do the two weights compare? How is this of importance 
in river and shoreline erosion? 

10. Observe streams or rivers in your locality to determine whether they 
are aggrading or degrading. 

11. Put some fine gravel, coarse sand, fine sand, and clay in a quart jar. 
Fill with water and shake well. Observe resulting sedimentation. 

12. Perhaps you can obtain motion pictures or slides that will show some 
results of weathering, erosion, and deposition of rock material. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 

1. Examples of Weathering in Our Community 

2. Weathering and Erosion of Local Bedrock 

3. Study of Local Valleys 

4. The Nature of Local Relief Features 

5. The Garden of the Gods, Colorado (An Illustration of Weathering 
and Erosion) 

6. Famous Caves 

7. Common Minerals That Are Oxides and Carbonates 

8. Weathering in Deserts versus Humid Regions 
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9. Soil Erosion 

10. Deforestation and Soil Erosion 
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chapter 10 . River-Made Plains 


Lying east of the Rocky Mountains 
and stretching from the Rio Grande 
northward into western Canada is a 
vast area of gently rolling land, cov¬ 
ered for the most part by short grass. 
Here are the great high plains . Cli¬ 
matically, we know them as middle- 
latitude steppes. Eastward from the 
high plains to the Appalachian high¬ 
lands extend the interior lowlands, 
wherein are found some of the finest 
agricultural lands in the world. 

Of the four great classes of land- 
forms—plains, plateaus, hill country, 
and mountains—plains rank first in 
area and as the home of man. Vast 
portions of the world’s plains, how¬ 
ever, are sparsely populated, largely 
because of insufficient rainfall or a 
poor distribution of precipitation 
during the year. On the other hand, 
favorable soil, drainage, and climate 
enable some large areas to support 
moderate to dense populations. Small 
areas of very dense populations in 
many instances are supported by 
manufacturing and commerce. 

Plains constitute the great agricul¬ 
tural lands of the world, many of 
which are well supplied with a net¬ 
work of railroads and highways. In 
some parts of the American com 
belt, an area that extends from cen¬ 


tral Kansas to eastern Ohio, as much 
as 70 to 80 percent of the total land 
area is plowed and planted to crops. 
That leaves but 20 to 30 percent to 
be devoted to permanent pasture, 
wood lots, farm buildings, roads, 
towns, and all other uses. This could 
not possibly be true of plateaus, hill 
regions, or mountains. 

Plains are characterized by gentle 
slopes. The local relief—that is, the 
difference in elevation between the 
highest and lowest points within a 
limited area—is usually less than 500 
feet. In high mountains the local 
relief may be several thousand feet. 

A study of the location and distri¬ 
bution of the world’s great plains re¬ 
veals the fact that considerable areas 
are tributary, both physically and 
commercially, to the Atlantic Ocean. 
This situation accounts somewhat 
for the tremendous amount of world 
trade that moves along the routes of 
that particular ocean. The Pacific 
Ocean, on the other hand, is bor¬ 
dered largely by young and growing 
mountains. 

With regard to location, plains are 
divided into two great groups: (1) 
Coastal plains border the sea. Atlan¬ 
tic and Gulf coastal plains of the 
United States belong to this group. 
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(2) Interior plains are located in the 
interiors of continents. The great 
high plains and interior lowlands of 
the United States and the extensive 
plains of central Russia belong to 
this group. 

Rivers are responsible for the for¬ 
mation of some plains and account 
for many of the surface features of 
plains. Rivers accomplish mainly two 
types of work: (1) the erosion, or 
wearing away, of the land; and (2) 
aggradation, or the building up, of 
the land by deposition of sediment. 


STREAM-ERODED PLAINS 

Flat to gently rolling coastal plains 
are found along many continental 



Fig. 189. Relative elevation of coastal plain, 
plateau, and mountains. The continental shelf 
is a submerged portion of the continental mar¬ 
gin. A slight uplift of the shore region would 
Bring a part of the continental shelf above 
sea level. 

margins. Offshore is the submerged 
edge of the continent, called the 
continental shelf (Fig. 189), Shallow 
seas cover the continental shelves. A 
slight elevation of the land in such 
localities would add to the area of 
the coastal plain. A slight submer¬ 
gence would decrease the area (Fig. 
190). Because waves and currents dis¬ 


tribute ocean sediments evenly, the 
surfaces of continental shelves are 
smooth and essentially flat. 

Formation of coastal plains. When 
a portion of a continental shelf is 
slowly uplifted, a low and almost fea¬ 
tureless plain is added to the conti¬ 
nental margin. As the land emerges, 
inch by inch, it is attacked by the 
agents of degradation. Streams, orig¬ 
inating far inland, continue their 
courses across the new land of the 
coastal margin. Rainwash develops 
tributary gullies in it. Thus, the land 
surface is modified by stream erosion. 
The valleys of low coastal plains, 
however, cannot be deep, because 
base level is not far below the plain 
surface. Many shallow depressions 
that develop on such a flat coastal 
plain become swamps. 

There are several plains of the 
world whose characteristic landforms 
indicate that they belong to the 
newly emerged class. Among them 
is the portion of the United States 
included in the coastal margins of 
the states of Virginia, the Carolinas, 
Georgia, and parts of the Gulf coast 
from Florida to Texas. Most of this 
plain is flat, the local relief being less 
than 50 feet. There are large areas 
of swamps. Examples of unusually 
large swamps are shown by the Ever¬ 
glades of Florida (Fig. 191) and the 
Dismal Swamp of North Carolina 
and Virginia. The swamps of this 
coastal plain comprise nearly two- 
thirds of all the ill-drained lands of 
the United States. 

Fall line. The Atlantic coastal plain 
is bordered on the west by the Pied- 
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Fig. 191. The flat, swampy surface of the Florida Everglades, part of a newly emerged plain. 
C Photograph by V. C. Finch.) 
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mont region, a higher area under¬ 
lain by hard, crystalline rocks. As the 
streams pass from the more resistant 
rocks of the Piedmont on to the 
weaker rocks of the coastal plain, 



Fig. 192. The fall line lies along the western 
margin of the Atlantic coastal plain. The Pied¬ 
mont region is higher and rougher than the 
coastal plain and is underlain by much harder 
rock. 

they tend to develop waterfalls and 
rapids. 

Waterfalls and rapids have been 
harnessed in many places to provide 
hydroelectric power. As a result, a 
number of important cities, such 
as Augusta, Columbia, Raleigh, and 
Richmond, are located near these 
sources of power. A line trending 
from northeast to southwest and pass¬ 
ing through a number of these power 
sites is often referred to as the fall 
line (Fig. 192). The available electric 


energy, together with other factors, 
has stimulated manufacturing and 
industry in the southeastern states. 
Especially is this true with respect 
to cotton manufacturing. 

Interior stream-eroded plains. Ex¬ 
tensive interior plains are located in 
Russia, United States, Canada, Bra¬ 
zil, Argentina, and Australia. For the 
most part, these plains are underlain 
by more or less horizontal layers of 
sedimentary rocks. In North Amer¬ 
ica, the vast plains area stretches 
from the Appalachians to the Rocky 
Mountains. Near the Rockies the 
plains are about 5000 feet above sea 
level and slope gently downward to 
the Mississippi River, then upward 
toward the Appalachian hill region. 
Most of this great interior plain is 
drained by the Mississippi River and 
its thousands of tributaries. 

In the great high plains area of the 
United States, broad, smooth, tree¬ 
less uplands stretch for miles (Fig. 
193). Because of the level surface, 
strong winds blow much of the time, 
both day and night. At intervals, nar¬ 
row, steep-walled valleys traverse the 
plain, trending in general from west 
to east. Along these valleys are to be 
found the narrow strips of trees so 
typical of the Great Plains. 

The flat uplands between the val¬ 
leys are the agricultural lands, de¬ 
voted largely to grazing and dry 
farming. Some streams, such as the 
Arkansas and Platte rivers, develop 
wide valleys containing rich soil. 
Highways and railroads take advan¬ 
tage of these level valley floors. Irri¬ 
gation projects, such as the one near 
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Fig. 193. The great high plains of eastern Colorado are covered with the short grass typical of 
middle-latitude steppes. The parallel markings on the hill are plowed furrows made along contour 
lines to check soil erosion. (Photograph by M . H. Shearer .) 


North Platte, Nebraska, supply the 
much needed water that greatly in¬ 
creases the agricultural production 
of these valleys. 

The Bad Lands of western South 
Dakota represent a peculiar inter¬ 
ruption in the otherwise level to 
rolling Great Plains area (Fig. 194). 
Here, in a semiarid climate, is found 
a nonresistant bedrock that is mainly 
shale. Occasional downpours of rain 
result in effective rain erosion, cre¬ 
ating steep-sided gullies and deep 
valleys. Sharp-pointed hills may rise 
several hundred feet above adjacent 
valley floors. Many fossils of prehis¬ 
toric animals have been discovered 
in the Bad Lands. An excellent auto¬ 


mobile highway through the region 
makes it possible for tourists to view 
the peculiar erosional landforms 
from several vantage points. 

In the interior lowlands (Fig. 195), 
where annual rainfall is greater than 
in the Great Plains, thousands of 
streams wear away the surface of the 
land. A major stream with its hun¬ 
dreds of tributaries presents a tree¬ 
like appearance on a map. Such is 
called a dendritic drainage pattern. 

Some streams in their downward 
cutting encounter rocks of unequal 
hardness and develop falls and rap¬ 
ids. Many of these waterfalls are not 
high. However, if they occur in the 
courses of large streams of uniform 
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flow, they may have great capacity 
for producing water power. 

Examples of notable rapids or low 
waterfalls are (1) Muscle Shoals, Ala- 



Fig. 194. The rock formations of the Bad Lands, 
a national monument in western South Dakota, 
are composed of almost horizontal layers of 
sedimentary rocks, mainly shale. Vegetation is 
scarce. Erosion by hundreds of temporary 
streams takes place following a heavy rain. 
In such a region, geologists find many fossils 
of prehistoric animals. (Photograph by M . H. 
Shearer.) 

bama, on the Tennessee River, (2) 
the rapids of the Mississippi at Keo¬ 
kuk, Iowa, and (3) the Ohio Falls 
at Louisville, where the Ohio River 
falls 26 feet in a short distance. Huge 
hydroelectric plants have been con¬ 
structed at both Muscle Shoals and 
Keokuk* The falls at Louisville were 


sufficient to cause an important in¬ 
terruption to river navigation until 
they were made passable by a canal 
with locks. 

Throughout much of the interior 
lowlands the land surface is gently 
rolling, largely because most of the 
valleys have reached various stages of 
maturity. Some of the larger rivers 
have developed valleys of old age. 
The sloping land provides good soil 
drainage. The rolling plains, under 
the influence of humid continental 
climate, comprise the extensive agri¬ 
cultural lands of middle America. 

Farmlands are divided into units 
by means of a system of townships 
and sections. A township is 6 by 6 
miles, or 36 square miles (Fig. 196). 
One square mile is called one section 
and is divided into 640 acres. The 
average farm consists of 160 acres. 

In the northern portions of the 
interior lowlands the plains were 
modified considerably by ancient 
continental glaciers. These glaciated 
plains will be discussed in Chapter 
11 . 

KARST PLAINS 

In various parts of the world there 
are small plains, and some of consid¬ 
erable size, whose distinctive surface 
features result from the solution of 
rocks by underground water. They 
may be called karst plains . Regions 
of this kind are underlain by sedi¬ 
mentary rocks that include layers of 
pure limestone. In some karst plains 
the soluble limestones make up the 
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Fig. 195. Major plains and lowlands of the United States: A, Atlantic coastal plain; B, Gulf coastal 
plain; C, Mississippi floodplain; D, interior lowlands; E, Great Plains; F, Puget Sound lowlands; 
G, Great California Valley; H, Imperial Valley; /, Wyoming basin. 


surface rock formations and are cov¬ 
ered only by a layer of soil. In other 
regions they lie beneath some thick¬ 
ness of other rocks. In either case, 
however, the surface features show 
evidence of the removal of material 
beneath the surface. This is accom¬ 
plished mainly by ground water con¬ 
taining weak carbonic acid (see Chap¬ 
ter 9). This acid aids in the dissolv¬ 
ing and removal of limestone. 

Characteristics of karst plains. In 
contrast with stream-eroded plains, 
karst plains are distinguished by a 
general absence of valleys. There are 
exceptions in the case of large streams 
that originate outside and then flow 
across the karst area. 

Another striking characteristic of 
karst plains is the presence of many 
depressions without visible outlets. 


Some of these depressions are pro¬ 
duced by surface solution, the water 
finding its outlet through the bottom 


R.3W 

T.3N 

R.2W 

c 

R.IW 

R.1E 

R.2E 

R. 

t 

3E 

4 

T.2N 


i 

E z 

IX> < 

i r\ 

«-6 mi -* 

A 

— 

— 

T.IN 

B, 

CL 

LU 

2 

*SE 

LINE 

: (Porrcil 

lei) 

T. IS 


.2 



B 

T.2S 


O 

z 

CL 

a. 

One town 
info 36 si 

=U 

ship is di 
q mi or & 

1 _! 

video! 

ections 

_ 

T.3S 


D 



-e 

— One section 



= = 

is 640 acres 

1 


Fig. 196. Over most of the United States, land 
is divided into townships and sections. Roads 
often follow township and section lines. Town¬ 
ship A is described as Township 2 North, Range 
2 East. Give the descriptions for B, C, and D. 
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Fig. 197. Karst-plain features. Sinks of various types are shown in relation to features of limestone 
solution underground. 


into underground caverns. Some, on 
the other hand, appear to be the 
result of the collapse of roofs of 
caves. Such depressions are called 
sinks. Some are many feet deep, steep¬ 
sided, and have obvious openings 
through which the surface drainage 
runs underground. Others are so 
shallow that they almost escape no¬ 
tice. Occasionally the bottom outlet 
becomes clogged with clay or other 
materials, and the basin becomes a 
swamp or lake. 

Associated with the underground 
drainage of karst plains is the forma¬ 
tion of numerous caverns. In some 
regions these caverns thoroughly 
honeycomb the soluble limestones 
beneath (Fig. 197). Fed by surface 
drainage, the waters of many un¬ 
derground cavities pass along joint 
planes or dissolved channels and 
sometimes join to form subterranean 
streams of considerable size. They 
may come to the surface of the earth 
as springs of remarkable volume. 

Notable karst regions. Areas where 
surface features are due largely to 
solution of underlying rock take 
their name from the Karst. This is 
a rough limestone upland that lies 
back of the Adriatic shore of Yugo¬ 


slavia. The same limestone struc¬ 
ture produces similar features in the 
“heel” of Italy. 

In North America the most exten¬ 
sive karst areas are found in Florida, 
Cuba, and the peninsula of Yucatan. 
In the rolling upland plain of cen¬ 
tral Florida, sinkholes of all sizes are 
separated by sandy ridges (Fig. 198). 
Small caverns are numerous. Under¬ 
ground drainage issues in springs, 
one of which has the largest flow of 
water of any spring in the United 
States. The entire region is charac¬ 
terized by the presence of lakes, 
ponds, and pools of which there are 
thousands. 

Another karst region is in south 
central Kentucky. Considerable parts 
of this area are so dominated by so¬ 
lution features that sinks and ridges 
are the principal relief features. 
Mammoth Cave in this region is 
widely known for its giant cavities 
and great underground extent. 

ALLUVIAL PLAINS 

The term alluvium is applied to 
weathered and eroded material that 
is carried and deposited by streams. 
For the most part this alluvium is 
deposited in the form of plains and 
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usually in flat plains. Here it is 
spread out where it awaits future 
removal to lower elevations. In terms 
of geologic time, alluvial plains are 
temporary structures. Some indeed 
are of very recent origin, and their 
accumulation is still in progress. 
Others of much greater age are char¬ 
acterized by features that mark stages 
in the progress of their destruction. 
They are called plains of older al¬ 
luvium ., 

The principal classes of alluvial 
plains are (1) delta plains, (2) flood- 
plains, (3) piedmont alluvial plains, 
and (4) plains of older alluvium. 

Great delta plains. A delta plain is 
the surface of accumulations of river 
sediment deposited at the mouth of 
a stream where the stream enters a 
body of quiet water. Not all great 
streams have deltas, but all great del¬ 
tas are the deposits of large streams. 
Among the more extensive delta 
plains is that of the Nile River in 
the Mediterranean Sea. It is charac¬ 
terized by a triangular shape resem¬ 
bling the Greek letter A, from which 
all similar alluvial deposits derive 
their name. Other deltas of note are 
situated at the mouths of the Po, 
Rhine, Indus, Ganges, Irrawaddy, 
Hwang Ho, and Mississippi. There 
are other large deltas, less well 
known, and thousands of smaller 
ones. 

Delta surface. The delta surface 
usually has a local relief of less than 
50 feet. The seaward margin is the 
lowest portion, and slightly higher 
land is situated upstream. Occasional 
floods add to the elevation of the 


delta and push its boundaries sea¬ 
ward. The river current, except at 
time of flood, is very sluggish. The 
difference in surface elevation is not 



Fig. 198. Numerous sinks, lakes, and swamps 
dot this Florida karst plain, but there are almost 
no surface streams. 


great even on large deltas. The high¬ 
est portions of the upper delta of 
the Mississippi, which lie nearly 200 
miles from the river mouth, are only 
about 40 feet higher than the delta 
margin (Fig. 199). 

The features of greatest relief on 
the delta surface are the natural 
levees (Fig. 200). These are low, 
broad ridges of alluvium that border 
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Fig. 199. The Mississippi River delta has fringing areas of salt-marsh grass, belts of wooded 
swamp, and strips of tilled levee lands. Note that the levee lands grow narrow downstream and 
disappear. 


the stream channels on each side. 
They are found along the main 
stream and the distributaries. They 
are highest near the banks of the 
stream that builds them but, at least 
on the Mississippi delta, rise no more 
than 15 or 20 feet above the adjacent 
delta surface. 

New Orleans, Louisiana, is built 
partly on a natural levee. Although 
the surface of the levee appears flat, 
there is a gentle slope from the river 
toward the adjoining marshes. This 
slope makes possible a degree of 
drainage of these alluvial deposits. 

The levees and fresh-water swamps 
of the upper Mississippi de,lta for¬ 


merly supported a growth of gum- 
wood and cypress trees. The seaward 
margin of the delta, however, is cov¬ 
ered mainly by vast expanses of tall, 
coarse grasses, the habitat of num¬ 
berless muskrats. 

Because levees are the highest and 
best drained portions of the delta 
surface, they are the principal sites 
of human settlement. Farms, houses, 
and towns are found on them, and 
roads and railways tend to follow 
them and to parallel the streams. 

For protection against river over¬ 
flow, narrow artificial levees are built 
in some places near the stream on 
top of the natural levees. In times of 


Natural levee —* ^-Artificial levee 

Fig. 200. Profiles of natural and artificial levees. The vertical scale is considerably exaggerated. 
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high water on the Mississippi delta, 
the river surface may rise nearly to 
the top of the artificial levees or even 
overflow them. At such times the 
river stands several feet higher than 
the roads and farms on the natural 
levees and many feet above the 
swamps beyond. A break in the arti¬ 
ficial levees at that time permits the 
flooding of a large part of the delta 
surface, and water may completely 
submerge the smaller levees of the 
lesser streams or even the great levees 
themselves. 

Populous delta plains. Some deltas 
have very large human populations. 
The alluvial soil is rich because its 
silts and clays were derived from a 
great variety of rocks and soils found 
in the headwaters of numerous tribu¬ 
taries. The natural food-producing 
capacity of such soil is great. In pop¬ 
ulous deltas, the need for additional 
acreage of the fertile soil has caused 
man to change the natural surface 
drainage in many places. These are 
illustrated by the deltas of the Rhine 
and the Nile. 

The Netherlands coast includes 
the merged deltas of the Rhine, 
Meuse, and Scheldt rivers (Fig. 201). 
Originally the region had the fea¬ 
tures common to delta surfaces. 
Through several centuries a growing 
need for land has encouraged the 
inhabitants of this region to reclaim 
the marshlands. Actually, they have 
crowded the sea off the delta margin. 

Small areas of lower levee and 
swampland have been made secure 
from floods by the construction of 


dikes, or artificial levees. Each en¬ 
closed area, called a polder, is kept 
sufficiently drained for agriculture by 
a network of drainage ditches lead¬ 
ing to a pump at the lowest corner. 
This pump lifts the water from the 
polder into a bordering stream or 



Fig. 201. The extent of reclaimed land in the 
Netherlands in relation to the area of the 
Rhine delta. (After K. Jansma .) 


canal which lies between the dikes 
or really on top of them. Today large 
areas of drained lands lie between 
5 and 10 feet, and some as much as 
15 feet, below sea level. The older 
polders were pumped by picturesque 
windmills. The newer ones, designed 
with modern engineering skill, are 
pumped by engines. The newest and 
greatest project has been designed to 
cut off and drain the Zuider Zee. 
This was a great and shallow coastal 
bay, much like Lake Pontchartrain 
near New Orleans. 
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The great delta of northern China 
is comprised largely of yellow loess 
soil derived from the highlands of 
northern China and deposited by the 
Hwang Ho and some other streams. 
The color of the sediment accounts 


Fig. 202. The great delta of northern China, 
its relation to the Shantung Peninsula, and 
some of the many channels occupied by the 
river within historic times. (After maps by G. B. 
Cressey and D, W. Mead.) 

for the names Yellow River and Yel¬ 
low Sea. So abundant are the depos 
its that they have filled a consider¬ 
able portion of the Yellow Sea. They 
half surround a large, mountainous 
island that formerly stood in it. What 
was once that island is now the Shan¬ 
tung Peninsula (Fig. 202). 

The Hwang Ho flows across the 
northern part of the delta on a broad 
levee ridge, which in places is as 
much as 20 feet high. Owing to 
deposition of sediment in its chan¬ 
nel, the river is of little use for navi¬ 


gation. At times of low water the 
inhabitants remove large quantities 
of soil from the stream bed. This is 
done partly to keep the channel open 
and partly because of the value of 
the mud as fertilizer. During severe 
floods the river has shifted its course 
to the opposite side of the Shan¬ 
tung Peninsula. Such a change, on 
a densely populated plain, is a major 
disaster. Thus the Hwang Ho is 
known as “China’s Sorrow.” 

Great delta plains of arid lands. A 
few of the great delta plains of the 
world are on desert coasts. They are 
built by large streams which are fed 
by the abundant precipitation of 
mountain regions. Such streams have 
sufficient volume to flow completely 
across the desert areas where few 
tributaries exist. Finally they dis¬ 
charge their loads of sediment into 
the bordering sea. These are called 
exotic streams. Outstanding among 
them are the Nile, the Tigris- 
Euphrates, the Indus, and the Colo¬ 
rado. 

The delta of the Nile has a density 
of population comparable with that 
of the plain of northern China. The 
people are supported by agriculture 
that depends almost wholly upon 
the practice of irrigation. Unlike the 
Netherlands, the main problem in 
these arid-land deltas is to distrib¬ 
ute the water over the delta sur¬ 
face. Dams are constructed, and grav¬ 
ity carries irrigation water through 
ditches. The deltas and floodplains 
of the major exotic streams, there¬ 
fore, constitute one class of desert 
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oasis. They are the largest and most 
productive oases in the world. 

The Nile has two important tribu¬ 
taries. The White Nile has its head- 



Fig. 203. The Nile delta is built into the Medi¬ 
terranean Sea. The delta of the Tigris and 
Euphrates rivers is built into the northern end 
of the Persian Gulf. 

waters in Lake Victoria on the equa¬ 
tor; the Blue Nile originates as the 
overflow of Lake Tana in Ethiopia 
(Fig. 203). Periodic rains in Ethiopia 
cause the Blue Nile to flood. These 
floodwaters are impounded by dams, 
such as the huge one at Aswan, and 
are responsible for the perennial irri¬ 
gation of the floodplain. 

In its lower course the Nile tra¬ 
verses 1000 miles of desert, where it 
loses volume by the removal of water 
for irrigation, by evaporation, and 
by seepage. On the delta so much 
more water is required for irrigation 
that only a little is discharged through 
the distributary mouths into the 
Mediterranean. So much sediment is 


deposited on the delta head and so 
little about the margins that the sur¬ 
face has a fair slope. This prevents 
floods and makes soil drainage easier. 
Nearly the whole surface is culti¬ 
vated, and lakes and swamps are 
found only about the delta margins. 
This is in striking contrast to condi¬ 
tions on the Mississippi delta. 

The Colorado River delta has been 
built into and across the northern 
portion of the long tectonic depres¬ 
sion occupied by the Gulf of Cali¬ 
fornia (Fig. 204). It was started on 
the east side, and by pushing across 
to the west wall of the depression it 
blocked off about 150 miles of the 
upper end of the Gulf. The water in 
the depression north of the delta 



Fig. 204. The apex of the delta fan of the 
Colorado River is at the east side of the long 
embayment into which it is built. The location 
and extent of Salton Sink are indicated by the 
broken line. Salton Sea lies in its lowest portion; 
its bottom is 275 feet below sea level. 

evaporated, forming Salton Sink, a 
part of whose floor lies 275 feet be¬ 
low sea level. 

Irrigation canals carry the water 









252 


THE EARTH AND ITS RESOURCES 



Fig. 205. The overflow of a river left 1 to 5 inches of silt deposited over a portion of this ball 
park. Later drying of the silt produced the intricate network of sun cracks. (Courtesy U. S. Soil 
Conservation Service.) 


from the Colorado River near Yuma 
to the surface of the delta. In 1904 
and 1905 the river flooded, broke 
through the canals, and poured into 



Fig. 206. Contour map and profile drawing of 
a large river and its floodplain. A contour line 
is one that passes through points that are at 
the same elevation above sea level. What is 
the elevation of the floodplain? How high are 
the bluffs above the floodplain? How was the 
lake probably formed? What is the width of 
the river? of the floodplain? 


Salton Sink, forming Salton Sea, an 
inland lake some 50 miles long and 
far below sea level. 

The area just south of Salton Sea 
is called the Imperial Valley . Some 
of it is below sea level. Under irriga¬ 
tion and with an all-year warm cli¬ 
mate, it is a highly productive agri¬ 
cultural region. Irrigation facilities 
have been improved by the construc¬ 
tion of the All-American Canal. 

Floodplains. Floodplains are the al¬ 
luvial deposits spread by aggrading 
streams upon the floors of their val¬ 
leys during the process of valley 
widening and stream overflow (Fig. 
205). The floodplain begins to form 
in the lower course of the stream 
where it first reaches grade. Near the 
river mouth, delta and floodplain 
blend together, and it is difficult to 
say just where one begins and the 
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other ends. Floodplains are confined 
between the bluffs cut by the lateral 
erosion of a meandering stream (Figs. 



Fig. 207. Contour mop showing Missouri River 
floodplain at Leavenworth, Kansas. The river 
forms the Missouri-Kansas boundary line. The 
contour interval is 50 feet. The entire area is 9 
by 14 miles. How wide is the floodplain? What 
is its elevation? About how high are the bluffs 
along the edge of the floodplain? The dotted 
areas in the river represent sand bars. Both 
Missouri and Platte rivers flow toward the south. 
Explain how the three lakes probably were 
formed. (After map by U. 5. Geological Survey.) 

206, 207). The bluffs usually are 
much gullied. 

The width of the floodplain is the 
distance from one valley wall to the 
other (Fig. 208). This width varies 
from a few yards in the case of small, 
aggrading creeks to several miles in 
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large river valleys. Width usually 
increases downstream. 

The Mississippi floodplain, where 
the stream flows between Iowa and 
Wisconsin, is from 1 to 3 miles wide; 
in the latitude of southern Illinois it 
is about 6 miles, but below Cairo it 
broadens rapidly and, including the 
plains of minor streams that join it, 
ranges between 25 and 75 miles in 
width. At Kansas City the floodplain 
of the Missouri River is several miles 
wide. The level land provides ample 
space for numerous industries and 
for two large airports (Fig. 209). 

Floodplain surface. Floodplains are 
somewhat similar to the upper part 
of a delta. They comprise principally 
a monotonously flat surface, upon 
which areas of levee land alternate 
with areas of swamps. The valley 



Fig. 208. Profiles of various types of valleys. 
Broad floodplains are characteristic of old-age 
valleys. 

floor is at times a place of rapid 
change. Its features are reshaped and 
modified by erosion and deposition 
which take place at the same time. 
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Fig. 209. The floodplain of the Missouri River, shown in the background, provides level land for 
two large airports. Near the center of the picture is a bridge leading to the Kansas City, Missouri, 
Municipal Airport. North across the river and beyond the Missouri airport is Fairfax Airport, 
adjacent to Kansas City, Kansas. Both fields are protected by artificial levees. At the extreme 
left may be seen the Kansas River entering the Missouri River. In the foreground is the main 
business district of Kansas City, Missouri. 

Disadvantages of such airport location are (1) poor visibility, especially in the cool months, 
caused by valley fogs and smoke from nearby industrial plants, and (2) flood danger and under¬ 
ground seepage of water. (Photo Service, Kansas City, Mo.) 

the meander to change shape. It 
sometimes happens that a river will 
curve in such a way as to form almost 
a complete loop. 

Ultimately the stream cuts through 
the narrow neck of land separating 
the two ends of the loop; and the 
long, horseshoe-shaped meander is 
abandoned and remains on the flood- 
plain as a lake, called oxbow lake 
(Fig. 210). Oxbow lakes are known 
locally as sloughs or, in southern 
United States, bayous. In time these 
oxbow lakes are filled by sediment 


Meanders swing back and forth 
from one valley wall to the other. 
Erosion on the outside and deposi¬ 
tion on the inside of a curve cause 



Fig. 210. Formation of an oxbow lake. The river 
breaks through the narrow neck of land at A. 
The abandoned channel of the river is the 
basin occupied by the oxbow lake. 
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deposited during general river floods, 
by rain washed sediment from the ad¬ 
jacent surface, and by the growth 
and decay of vegetation. 



Fig. 211. After the upper headwaters of the 
Yazoo River enter the broad bottomlands, the 
stream follows the bluffs for 175 miles before 
it enters the Mississippi. 

Small streams entering the flood- 
plain from the bordering uplands 
are sometimes prevented from join¬ 
ing the main stream at once be¬ 
cause of the upward slope of the 
natural levees. Instead, they turn 
downstream and, after paralleling 


the main stream some distance, find 
a place of entrance. The junction of 
the St. Francis and Yazoo rivers with 
the Mississippi illustrates this condi¬ 
tion (Fig. 211). 

Alluvial terraces. Suppose that the 
upper end of an old valley is uplifted 
several feet. The stream is given re¬ 
newed velocity. It cuts a new valley 
in the old one. Flat benches formed 
by the remnants of the old floodplain 
will be found along the sides of the 
new valley. These benches are called 
alluvial terraces (Fig. 212). Some val¬ 
leys exhibit several such terraces. 

Although alluvial terraces seldom 
are high or continuous, they fre¬ 
quently contain many acres, and 
sometimes many square miles, of 
land. Because such terrace land is 
sufficiently above present river level 
to be free from floods, it generally is 
well drained and admirably adapted 
to cultivation. Sites of this kind are 



Fig. 212. Development of alluvial terraces. Nat¬ 
ural levees border the present stream course. 


suitable for the building of river 
towns and cities. Part of St. Paul, 
Minnesota, is built on alluvial ter¬ 
races. 

River floods. Floods do their great¬ 
est damage in old-age valleys, be¬ 
cause the valley floor is level and eas¬ 
ily flooded and because such valleys 
often are densely populated within 
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Fig. 213. High water on the lower Mississippi floodplain. The artificial levee is the only land 
remaining unsubmerged. The main channel of the river is seen in the far distance. The locations 
of several natural levees associated with minor channels are indicated by the belts of submerged 
woodlands and the town. (Official photograph , U. 5. Army Air Force.) 


limited areas (Fig. 213). Among the 
major causes of river floods are ab¬ 
normally heavy rains and the rapid 
melting of deep snows in mountains. 
The cutting of forests increases the 
immediate runoff of rain water. More 
water is carried to the main river 
than its levee banks can hold. 

Means of flood control are being 
established in many American rivers. 
A number of dams have been built 
across the Mississippi River to im¬ 
pound floodwaters and to aid navi¬ 
gation. Millions of dollars have been 
spent on the Ohio and Missouri 
rivers. The Missouri River, with its 
great dam at Fort Peck, Montana, 


is being confined to a straighter 
channel by means of dikes and re¬ 
vetments, or retaining walls. Arti¬ 
ficial levees along the lower Missis¬ 
sippi have been increased in height. 
Floods, however, continue to do 
great damage. The lower Mississippi 
flooded disastrously in the spring of 
1927; the lower Missouri flooded in 
1935, 1943, 1944, and 1947. Consid¬ 
erable loss resulted from the 1936 
floods of the Connecticut and other 
eastern rivers. One of the most severe 
floods in the history of the United 
States occurred in the Ohio Valley in 
February, 1937. The flood problem 
is by no means solved. Reforestation 
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and the building of flood-control 
dams should help considerably. 

Drainage of floodplains. Wherever 
possible, floodplain soils are drained 
of excess water. This drainage is ac¬ 
complished by digging huge ditches, 
which carry the water to the river, 
and by laying tile leading into the 
ditches. The rich alluvial soils, when 
properly drained, usually are highly 
productive. The higher portions of 
the floodplain, especially the natural 
levees, are more valuable as farm¬ 
land because they are more easily 
drained. The water table is never 
very far below the surface, and dur¬ 
ing drouths crops in floodplains may 
survive while those on adjoining up¬ 
lands suffer serious injury. 

Alluvial fans. As explained in 
Chapter 9, alluvial fans form at the 
base of mountains and are more char¬ 
acteristic of arid and semiarid lands 
than of humid regions. Piedmont 
alluvial plains are made up of allu¬ 
vial fans so closely spaced that their 
margins are merged into one con¬ 
tinuous plain. 

Streams with steep gradients fur¬ 
nish a great deal of sediment, some 
of it coarse in texture. This sedi¬ 
ment clogs the stream channel at the 
point where the mountain gradient 
changes to that of the bordering 
plain. The choked stream breaks 
over its banks into several distribu¬ 
tary channels. A network of such 
channels produces an alluvial deposit 
with a nicely rounded or semicircu¬ 
lar outline and gives the feature its 
fanlike shape (Fig. 214). The coarser 
materials are deposited at the apex. 
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or head, of the fan; the finer are 
spread out over the margins. 

As the feature grows in size, the 
ordinary flow of the stream that pro¬ 
duces it may be wholly absorbed by 
seepage into the coarse upper fan 



Fig. 214. The branching pattern of the dis¬ 
tributaries of the (1) Kings, (2) Kaweah, and 
(3) Tule rivers, California, on their alluvial fans. 
(Courtesy U. S. Geological Survey.) 

deposits. Here the stream deposits 
much of its sediment. Thus the 
upper part of the fan has steeper 
slopes than the lower. However, not 
even the upper slopes of a great fan 
are very steep. The outer margins 
are so gently sloping as to seem an 
almost flat and featureless plain. Be¬ 
cause the slopes of the fan radiate 
from the apex, irrigation water ap¬ 
plied at its upper end may be distrib¬ 
uted by gravity to all parts of the 
fan surface. 

Piedmont alluvial plains. The size 
of a piedmont alluvial plain depends 
upon the volume and deposits of the 
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several streams draining the moun¬ 
tain front. The heads, or highest 
portions, of the several fans may be 
distinguished at the mouths of the 
valleys. These heads are composed 
largely of gravel and sand. Their sur¬ 
faces often are strewn with boulders 
distributed by floodwaters following 
torrential rains in the mountains. 
Here are to be found coarse soils that 
are unable to retain irrigation water. 
For these reasons the higher parts of 
the fans are somewhat avoided for 
intensive agricultural use. However, 
they may furnish sand and gravel for 
constructional purposes. 

Many piedmont alluvial plains are 
covered only with desert shrubs or 
sparse grasses. The finer soils, how¬ 
ever, are rich in mineral content and 
under irrigation are highly produc¬ 
tive. Irrigation water is supplied by 
the streams that have formed the 
fans and by wells drilled below the 
water table beneath the fan surface. 
In some cases the water is carried 
beyond the fan and used to irrigate 
floodplains that occur at lower ele¬ 
vations. 

Some piedmont alluvial plains 
that are properly irrigated are well 
known for their agricultural wealth. 
Among them are the Sacramento and 
San Joaquin valleys of California, 
the Vale of Chile, the Valencia dis¬ 
trict of Spain, the Samarkand district 
of Russian Turkestan, the Tarim 
basin, and many others. 

The valleys of the San Joaquin 
and Sacramento rivers constitute the 
Great California Valley. This valley 
lies between the Sierra Nevada and 


the Coast Ranges. It is often called 
a filled valley, like the Vale of Chile, 
because of the tremendous amount 
of alluvium that has been deposited 
over the valley floor. The most nu¬ 
merous alluvial fans are found along 
the western slopes of the Sierras. 
One, formed by the Kings River, 
extends outward into the valley for 
50 miles from the mountain base. 
The melting snows of the Sierras 
furnish large supplies of irrigation 
water. The combination of rich allu¬ 
vial soil, irrigation, and warm, dry 
climate makes this region excellent 
for fruit production. 

Plains of older alluvium. Certain of 
the world’s important plains are 
plains of older alluvium. The mate¬ 
rial forming them is much older 
than that of recently formed deltas 
and alluvial fans. The largest plains 
of this type are distributed beyond 
the margins of great mountain sys¬ 
tems and were no doubt, at the time 
of their formation, vast piedmont al¬ 
luvial plains. At present these plains 
are traversed by the valleys of streams 
that originate in the nearby moun¬ 
tains. 

In northern India the broad mid¬ 
dle and upper valleys of the Ganges 
and Indus rivers are filled to great 
depth with older alluvium. Into this 
plain the present streams that drain 
the Himalaya mountain front have 
cut new valleys. Part of the Po plain 
in northern Italy consists of older 
alluvium from the southern slopes 
of the Alps. The Pampas of Argen¬ 
tina are underlain by deep accumu¬ 
lations of sediment thought to have 
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been washed from the eastern slopes 
of the Andes. 

In the United States almost the 
entire eastern front of the Rocky 
Mountains is bordered by plains of 
older alluvium. This is the Great 
Plains region. It is being worn down 
very slowly by streams that originate 
in the Rockies and flow east. Just 
east of the mountains in northern 
Colorado, these plains are irrigated 
and constitute the leading sugar-beet 
area of the United States. This 
highly productive region is known as 
the Colorado piedmont . 

SUMMARY 

Landforms caused by river erosion 
are valleys, divides, canyons, gorges, 
waterfalls, and rapids. 


Landforms caused by river deposi¬ 
tion are deltas and sandbars, alluvial 
fans, alluvial terraces, floodplains, 
piedmont alluvial plains. 

Vast areas of the world’s plains 
have gently rolling surfaces, result¬ 
ing largely from river and stream 
erosion. Such a rolling surface makes 
for better soil drainage. Where slopes 
are too steep, however, cultivation of 
the land is difficult, and much rain 
water is lost by immediate surface 
runoff. 

Floodplains and delta plains, com- 
posed as they are of rich alluvial soil, 
are highly productive agricultural 
lands when they can be properly 
drained. Irrigated alluvial fans and 
other alluvial deposits constitute 
much of the rich fruit lands of Cali- 
fornia and other western states. 


QUESTIONS 

1. Name the four great classes of landforms. Which is most extensive? 

2. Why are some parts of plains sparsely populated? some densely popu¬ 
lated? 

3. What is local relief? 

4. What is a continental shelf? 

5. What type of plain is produced by slow emergence of a continental 
shelf? Describe its surface. 

6. Where are the Everglades? Where is the Dismal Swamp? 

7. Where is the fall line? What use is made of waterfalls along this line? 

8. Name several cities along the fall line. 

9. In the United States, where are the great high plains? the interior 
lowlands? 

10. Describe the great high plains. What use is made of these rolling 
plains? 

11. Extensive irrigation is done along the Arkansas and Platte rivers. 
Locate these rivers. 

12. Locate and describe the Bad Lands. What caused this area? 

13. What is dendritic drainage? 
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14. Locate Keokuk; Muscle Shoals; Ohio Falls. 

15. What factors combine to make the interior lowlands an important 
agricultural region? 

16. What is a township? a section? 

17. Explain how karst plains are formed. Describe such a region. 

18. Locate several noted karst plains. 

19. Why do some karst plains have few large surface streams? 

20. Define alluvium. 

21. Name the four principal classes of alluvial plains. 

22. Define delta plain. What is the origin of the name delta? 

23. Name 10 rivers that have large deltas. Locate each (using atlas). 

24. What is the usual local relief of a delta plain? 

25. What is a natural levee? How is it formed? Why is it important? 

26. Describe the natural vegetation of the Mississippi delta. 

27. What is an artificial levee? Where is such a levee often built? 

28. Why do people in Louisiana say: “We go up to see the river”? 

29. Why are soils that are derived from a great variety of rocks likely 
to be rich? 

30. What rivers form the Netherlands delta? What is a polder? How is 
it drained? 

31. Where is the Shantung Peninsula? Is it densely or sparsely populated? 

32. What kind of sediment does the Hwang Ho carry? What is its source? 
its color? 

33. How does the Hwang Ho change its course during bad floods? What 
is the result? 

34. What is an exotic stream? Name and locate four. 

35. Name the two important tributaries of the Nile. Locate the source 
of each. 

36. Why are the periodic rains of Ethiopia of vital importance to Egypt? 

37. Why does the Nile become smaller in its lower course? 

38. Why does the Nile delta have a fair slope? Why is this important? 

39. Explain how Salton Sink was formed. Locate it. 

40. Explain how Salton Sea was formed. 

41. Where is Imperial Valley? Why is it highly productive? 

42. Define floodplain. 

43. How is the width of a floodplain measured? How does the width of 
the Mississippi floodplain vary? 

44. Explain how oxbow lakes are formed. By what other names are they 
called? Are they of any value? Why do they disappear? 

45. How are alluvial terraces formed? 

46. Would you prefer a farm on an alluvial terrace or on a floodplain? 
Why? 
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47. Why do floods cause greatest damage in old-age valleys? 

48. Mention the principal causes of floods. 

49. What steps are being taken to prevent floods? 

50. The Missouri River channel is being straightened and made more 
permanent by dikes and revetments. What will be the advantage of this? 

51. How are floodplains drained? Why should excess water be removed 
from soil? 

52. Explain the deposition of sediment on an alluvial fan. 

53. Why is irrigation of an alluvial fan not a difficult matter, provided 
sufficient water is available? 

54. Why are the higher parts of alluvial fans less valuable for agriculture 
than the lower margins? 

55. What are the possible sources of irrigation water for alluvial fans? 

50. Name and locate five well-known piedmont alluvial plains. 

57. What two principal rivers occupy the Great California Valley? Why 
is this sometimes called a filled valley? 

58. What three conditions combine to make the California Valley noted 
for fruit production? 

59. How does older alluvium differ from the soil of a recently formed 
alluvial fan? 

60. Why is old alluvium in humid climates generally leached? 

61. Name and locate several important plains of older alluvium. 

62. Where is the Colorado piedmont? Discuss its importance. 

SUGGESTED ACTIVITIES 

1. On an outline map of the world, locate and label every place men¬ 
tioned in this chapter. 

2. Make a chart as follows: On the left margin print the names of the 
continents. Under each continent list the principal rivers. Across the top 
of the chart print the following column headings: “In what country?” 
“Flows in what direction?” “Empties into what body of water?” “Important 
cities on delta or floodplain?” 

3. On an outline map of the world draw 25 to 50 important rivers. 
Number them. Test your knowledge of location by trying to name each 
one correctly. Name at least 25 in the United States. 

4. On a map of the United States, color and label the principal govern¬ 
ment irrigation projects. 

5. Draw a map of the Tennessee River region. Locate and label the 
various dams. 

6. Contrast in as many ways as possible the Nile and Mississippi deltas. 
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7. Contrast in as many ways as possible the Amazon and Mississippi 
floodplains. 

8. Using molding materials, make relief models of a delta, alluvial fans, 
alluvial terraces, Salton Sink, Great California Valley, and so forth. Color 
the water blue. 

9. Make a relief model of a floodplain showing natural levees, oxbow 
lakes, drainage, and so forth. 

10. Mold a surface showing typical karst surface features. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 


1. Muscle Shoals 

2. The Everglades of Florida 

3. The Karst Region of Florida 

4. The Valley of the Rio Grande River 

5. The Delta of the Ganges 

6. The Mississippi Delta 

7. The 1937 Flood of the Ohio River 

8. Flood Control on the Mississippi 

9. Bad Lands of South Dakota 

10. Imperial Valley of Southern California 

11. The Tigris-Euphrates Valley 

12. The Colorado Piedmont 

REFERENCES 

See list at end of Chapter 9. 



CHAPTER 11. 


Glaciated Plains 


Imagine that Fig. 215 represents a and northwestern Europe. These gla- 
plain about 500 miles long. A gla- ciers greatly modified or changed the 
cier, centered at A , slowly pushes features of the land. Over wide areas 
its way southward. The moving ice 
erodes and scours the upper half of 
the plain. Much of the loose rock 
and soil at A is carried southward 
and deposited over the lower part 
of the plain marked B. Then comes 
a slight change in climate which 
causes the glacier to melt slowly. 

Many streams issue from the front 
edge of the ice, and much of the area 
labeled C is covered with water- 
deposited sediment. Figure 215 shows 
that a large glacier may change the 
land surface by glacial scour or ero¬ 
sion, by the deposition of rock waste 
or glacial drift, and by deposition of 
sediment by streams issuing from the 
ice. 

Now imagine that, after the glacier 
has disappeared, we can travel over 
the entire area. At A we can study 
the features of a plain resulting 
mainly from glacial scour. At B we 
can study a plain influenced mainly the land surface is the result mainly 
by deposition of glacial drift. Our of glacial erosion. Over other areas 
observations show that the two types deposition of glacial drift predomi- 
of plains differ considerably. nates. It is possible, therefore, to 

Thousands of years ago, huge con- distinguish two general types of gla- 
tinental glaciers moved slowly south- ciated plains: ice-scoured plains, 
ward over northern North America where erosion predominated, and 
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Fig. 216. The rounded hills and rock basins of an ice-scoured surface in northern Canada where 
vegetation is scant. Note the different elevations of the lakes. (Courtesy Royal Canadian Air Force.) 


drift plains, where deposition pre¬ 
dominated. 

ICE-SCOURED PLAINS 

The stream-eroded hills and val¬ 
leys that previously existed on the 
plains over which the great conti¬ 
nental glacier crept were reshaped 
by the overpowering weight of the 
moving ice. Angular rock features 
were changed to smooth, rounded 
forms. Over the valley floor was de¬ 
posited a thin coating of glacial drift. 

The drift of ice-scoured plains is 
neither continuous nor deep enough 
to be used for agricultural produc¬ 
tion except in patches or localities. 
It is strewn with boulders torn from 
adjacent slopes by the ice. It may, 
however, support a stand of trees, 
especially the shallow-rooted coni¬ 
fers, such as pines. Through the 
glacial drift project the smoothed 


and rounded tops of rock hills, many 
of which are entirely without soil 
covering (Fig. 216). Such surfaces, 
scoured and polished by ice erosion, 
often bear the grooves and striations 
scratched upon them by ice-pushed 
pebbles. Some of these marks are as 
fresh as if they had been formed only 
recently instead of thousands of years 
ago. From studies of these scratches 
much has been learned about the na¬ 
ture and directions of ice motion 
during the time of glaciation. 

Drainage of ice-scoured plains. Sur¬ 
face changes produced by ice scour 
were sufficient to change consider¬ 
ably the pre-existing drainage. Glaci¬ 
ated areas do not have the complete 
system of stream drainage typical of 
many unglaciated regions. Lakes are 
numerous (Fig. 217). Many of these 
lakes lie in rock basins gouged out 
of the surface rock by the ice. The 
larger lakes often are dotted with 
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Fig. 217. Sprawling lakes, mainly in rock basins, occupy much of the ice-scoured plain of western 


Ontario. They are proving a valuable resource in the development of the summer-resort industry. 


(After Map 24A, Department of Surveys , Province of Ontario .) 


numerous islands which are the 
rounded tops of more resistant rock 
masses. 

These lakes tend to be more per¬ 
manent than those formed in other 
ways for several reasons: (1) Incom¬ 
ing streams, flowing over hard rock, 
carry little sediment. (2) Overflow 
water is clear and, therefore, erodes 
the place of overflow very little. (3) 
Forests check the immediate runoff 
of rain water that would collect sedi¬ 
ment and tend to fill the lake basins. 

The rock basins eroded by the ice 
sometimes differ considerably in ele¬ 


vation. Consequently, streams flow¬ 
ing from one basin to another often 
are characterized by rapids and wa¬ 
terfalls. Because of the hard rock and 
lack of sediment carried by these 
streams, the waterfalls are more per¬ 
manent than those existing under dif¬ 
ferent conditions. Ice-scoured plains, 
therefore, rank high in available 
water power. 

Extensive ice-scoured plains. The 

most extensive ice-scoured plains in 
the world are found close to the cen¬ 
ters from which the great glaciers of 
Europe and North America radiated. 
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Fig. 218. The lake-dotted, forest-clad plain of ice-scoured crystalline rocks north of Lake Superior. 
(Courtesy Royal Canadian Air Force.) 


These regions are (1) the Laurentian 
upland—a large part of Canada north 
of the Great Lakes and the St. Law¬ 
rence River; (2) Finland and Sweden 
—in northern Europe. 

The landscape in each of these re¬ 
gions appears as an irregularly roll¬ 
ing plain, covered in large part by 
coniferous forest. Much of the forest 
is thin and poor. Knobs or patches 
of bare rock outcrop at frequent 
intervals. Better forests are found in 
the depressions, many of which are 
swampy. Among the woodlands lie 
thousands of rock-rimmed lakes, 
most of them small, others large 
enough to contain several islands. A 
map of Finland and one of that part 
of Ontario north and west of Lake 
Superior will reveal the remarkable 
number of lakes (Fig. 218). There are 
more than 35,000 lakes in Finland. 


The numerous lakes of western 
Ontario attract thousands of sum¬ 
mer tourists, especially those inter¬ 
ested in fishing. The so-called “Ar¬ 
rowhead Country” of Minnesota, 
north of Lake Superior, contains gla¬ 
cial lakes connected by streams. Ely 
is a small city where fishing parties 
are outfitted to travel by canoe from 
one lake to another, sometimes reach¬ 
ing and going beyond the Canadian 
border. The large Lake of the Woods 
is dotted with hundreds of islands of 
solid rock upon which a thin cover¬ 
ing of soil supports the growth of 
conifers. This lake annually yields 
great quantities of fish. 

DRIFT PLAINS 

The drift plains of the principal 
regions of continental glaciation are 
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of greater area and of much greater 
human significance than are the ice- 
scoured plains. They occupy most of 
the broad outer margins of the areas 



Fig. 219. Different effects of glacial deposits 
upon previous rock surfaces: A, a hilly rock 
surface made more smooth by drift; B, a rock 
surface of considerable relief partly buried by 
drift; C, a smooth rock surface made irregular 
by the deposition of rough moraine. 

that were covered by ice in both Eu¬ 
rope and North America. Over them 
is spread a tremendous quantity of 
rock waste. 

The drift is of variable thickness 
(Fig. 219). In valleys it is sometimes 
very deep. On the tops of nearby, 
rounded, ice-scoured hills it may be 
thin. In some localities drift com¬ 
pletely buries the rock surface under 
an unbroken mantle which may be 
several tens of feet or even 400 to 500 
feet in thickness. In general, the land 
surface covered by drift was made 
smoother and more level. This re¬ 
sulted from the erosion of hilltops 
and the filling of valleys. 

Ground moraine. The mantle of 
unassorted drift deposited under¬ 
neath glacial ice is known as ground 
moraine . It is a widely distributed 


surface deposit and is the foundation 
upon which other features may be 
built. It consists of rock materials of 
all degrees of size from large boul¬ 
ders down to the finest of clay or 
rock flour. These ingredients are 
thoroughly mixed and show no sep¬ 
aration into strata of different size or 
weight classes such as are deposited 
by running water (Fig. 220). 

Glacial drift usually is composed 
of materials that largely are of local 



Fig. 220. An exposure of glacial till (glacial 
drift) In a road-cut through a long, narrow 
drumlin. The unassorted clay, pebbles, and 
boulders of which it is composed are clearly 
visible. (Courtesy U. S. Geological Survey .) 


origin. In regions of sandstone bed¬ 
rock, the drift commonly has a large 
percentage of sand. In regions of 
shale, it has a large percentage of 
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day. Usually, however, foreign mate¬ 
rials are present also. Some are fine 
materials, such as sand, clay, and pul¬ 
verized limestone, brought from re¬ 
gions of different kinds of rocks. 
Others are pebbles and boulders of 
harder sedimentary rocks or of igne¬ 
ous or metamorphic rocks. These 
may have been transported scores or 
even hundreds of miles from their 



Fig. 221. A subangular boulder showing glacial 
striae. (Courtesy U. S. Geological Survey.) 


nearest known sources. Such rocks 
often are conspicuous because of 
their large size or their hard and un¬ 
weathered condition. Because they 
are obviously foreign to their pres¬ 
ent situations, they are called er¬ 
ratic boulders. Many of them show 
scratches, or striae, caused by grind¬ 
ing against other boulders or against 
bedrock (Fig. 221). 

In some regions erratic boulders 
are so numerous in the till sheet as 
to interfere seriously with the culti¬ 
vation of the soil. In parts of South 
Dakota, Minnesota, and other north¬ 
ern states, farmers collect the erratics 
and pile them along fences or in lit¬ 
tle-used places. This is true especially 
in New England, where the glacial 
drift is thin. The surface features in 


New England are about equally the 
result of ice scour and deposition of 
rock waste. 

The features of young ground mo¬ 
raine may be observed in parts of the 
north central states and in western 
New York (Fig. 222). Its surface ap¬ 
pears mainly as a rolling plain with 
broad, low hills and wide, shallow 
depressions. These depressions, or 
basins, often have no outlets. They 
result from the unequal deposition 
of the ground moraine. There is no 
systematic arrangement of hills and 
depressions. Local relief commonly 
is less than 100 feet, although it is 
more in some places. 

In a few localities there are hills 
of considerable height that are com¬ 
posed entirely of glacial drift. The 
exact manner of formation of these 
peculiar hills is not known. They are 
commonly shaped like the half of an 
egg. They are called drumlins (Figs. 
223, 224). Some of them reach heights 
of 100 feet or more and may be a 
mile long, but many are smaller. 
Where conditions under the ice 
were favorable for the formation of 
one drumlin, they apparently were 
equally favorable to the formation of 
others, for commonly they are found 
in groups that occupy many square 
miles. 

The individual drumlins of a 
group are separated by the undulat¬ 
ing, or wavelike, surface of the drift 
plain from which they rise somewhat 
abruptly. Many drumlins, because of 
their steep slopes, remain wooded 
while the intervening plain is culti¬ 
vated, save where pockets of marsh- 
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Fig. 223. Drumlins rise somewhat abruptly from the surface of a plain of glacial drift. They are 
frequently strewn with boulders, like those on the surface of the drumlin In the foreground. 
(Courtesy U, S. Geological Survey .) 
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land are included. One region noted 
for its drumlins lies south of Lake 
Ontario. There is another a few 
miles northeast of Madison, Wiscon- 



Fig. 224. Contour map showing general appear¬ 
ance of drumlins east of Sun Prairie, Wisconsin. 
The contour interval is 20 feet. The largest 
drumlins are about 1 mile in length. 

sin. Bunker Hill, in Boston, Massa¬ 
chusetts, is a drumlin. 

The uneven and patternless dump¬ 
ing of ground moraine is responsible 
for the ill-developed arrangement of 
the streams in such areas. The drain¬ 
age in general is poor. Streams wan¬ 
der aimlessly over the surface and, 
like those in ice-scoured plains, are 
youthful. Their courses are inter¬ 
rupted by swamps, lakes, falls, and 
rapids. Later erosion has caused the 
disappearance of many waterfalls. 
Some streams have cut through the 
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drift and have encountered ledges of 
bedrock over which they flow to form 
more permanent waterfalls. Exam¬ 
ples of permanent waterfalls are Ni¬ 
agara Falls in western New York and 
St. Anthony Falls in the Mississippi 
River at Minneapolis. The power 
furnished by these falls has promoted 
the development of industry in near¬ 
by localities. 

Niagara Falls. The overflow of 
Lake Erie at Buffalo forms the Niag¬ 
ara River, which flows north to Lake 
Ontario. About halfway between the 
two lakes, the river flows over Ni¬ 
agara Falls, where the water drops 
vertically some 160 feet (Figs. 225 
and 336). The falls are separated into 
two parts by Goat Island. The larger, 
called the Canadian, or Horseshoe, 
Falls, lie west of Goat Island. The 
smaller American Falls lie between 



Fig. 225. Map of Niagara Falls and vicinity. 
The Niagara' River flows north from Lake Erie 
to Lake Ontario. The Niagara escarpment is 
shown just south of the city of Lewiston, New 
York. This escarpment is some 200 feet high. 

the island and the New York shore of 
the river. 

The falls recede upstream about 4 
feet each year. In so doing, they have 
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cut a gorge from near Lewiston, New 
York, to their present location. At 
Lewiston there is a high bluff which 
extends east and west for many miles. 
This is the Niagara escarpment. It is 
here that Niagara Falls had their 
beginning, probably near the end of 
the last ice age. 

Niagara Falls recede upstream by 
a process of undercutting (Fig. 226). 
The surface rock at the falls is lime¬ 
stone which is underlain mainly by a 
softer shale. The shale is eroded by 
great chunks of limestone which are 
churned around at the base of the 
falls. As the shale is worn away from 
beneath the limestone, the limestone 
in turn breaks off in great blocks. 
These fall to the bottom and become 
the “tools” used by the powerful 
waterfall in undermining its own 
brink. 

The fall of the water is utilized 
for power by several hydroelectric 
plants, on both the American and 
the Canadian side of the Niagara 
River. 

The Great Lakes. In basins that are 
mainly river valleys modified by gla¬ 
ciation lie the Great Lakes. In some 
places, ice scour enlarged these val¬ 
leys. In others, dams of glacial drift 
blocked them. Continental glacia¬ 
tion has worked to the advantage of 
mankind in more ways than one. 
The Great Lakes, for instance, con¬ 
stitute the greatest inland waterway 
in the world, even though they can¬ 
not be used during the winter 
months. Cheap water transportation 
and abundant mineral, timber, and 
agricultural resources in nearby areas 
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have been responsible for the growth 
of large industrial cities. 

Ships may pass from any one lake 
to all others. Two canals are neces¬ 
sary because of rock ledges over 
which the connecting streams flow, 
causing unnavigable rapids and falls. 
The Welland Canal connects Lake 
Erie and Lake Ontario and is a few 



Fig. 226. Principal rock formations at Niagara 
Falls. The blocks of limestone at the base of 
the falls are churned around and slowly wear 
away the softer shale. 

miles west of Niagara Falls. The 
Canadian and American “Soo” Ca¬ 
nals are necessary because of rapids 
in the St. Marys River which flows 
from Lake Superior to Lake Huron. 
No falls or rapids exist in the vicin¬ 
ity of Lake St. Clair. 

Ocean-going vessels are prevented 
from reaching the many lake ports 
mainly because of a number of rap¬ 
ids in the St. Lawrence River. The 
United States and Canada have con¬ 
sidered a project whereby the entire 
St. Lawrence River would be made 
navigable. This Great Lakes-St. Law¬ 
rence waterway would greatly in¬ 
crease the commercial importance of 
lake ports. Its cost, however, would 
be several hundred million dollars. 

The New York state barge canal, 
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or Erie Canal, follows the Mohawk 
lowland from the Hudson River near 
Albany west to Lake Erie. It was con¬ 
structed for the purpose of providing 
water transportation from the Great 
Lakes to the Atlantic seaboard. 

Other glacial lakes. The numerous 
lakes that occupy depressions in the 


ground moraine are not so perma¬ 
nent as those found in ice-scoured 
plains. There are several reasons: (1) 
The lakes for the most part are shal¬ 
low; (2) inflowing drainage is abun¬ 
dantly supplied with sediment which 
tends to fill the lake basins; (3) out¬ 
flowing drainage in a relatively short 
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time is able to cut a notch in the soft 
morainal rim; (4) as one lake is 
drained, the lowering of the water 
table may lower the level of nearby 
lakes; and (5) the growth of vegeta¬ 
tion aids in filling the lake basin. 

As the shallow basins are filled 
with sediment and vegetation, they 
become areas of marshland. Some 
are partly filled with peat, which is 
half-decayed remains of rank vegeta¬ 
tive growths. Some lake basins are 
now covered with grasses and appear 
as marsh meadows. Others are cov¬ 
ered by spongy mosses. In northern 
Minnesota, north of Red Lake, there 
is one considerable area known as a 
floating peat bog. In the north cen¬ 
tral states, thousands of acres of such 
marsh- and lakeland have been arti¬ 
ficially drained and put to agricul¬ 
tural or pastural use. 

Marginal moraines. While the great 
glaciers were in existence, there oc¬ 
curred periods of balance between 
the rate of glacial advance and the 
rate of melting. This sometimes per¬ 
mitted the position of the ice margin 
to remain stationary or to change 
only slightly for many years. During 
such a time the moving ice contin¬ 
ued to drag forward in its bottom 
or to carry forward in its mass or on 
its surface great quantities of drift. 
This was deposited about the rela¬ 
tively stationary margin of the ice to 
form marginal moraines. Thus were 
created ridges, or belts, of drift of 
greater thickness than the ground 
moraine. In appearance, these belts 
differ considerably from ground mo¬ 
raine. 


Hills of glacial drift that were left 
about the margin of the ice at its 
most advanced position are called 
terminal, or end, moraines. 

The rate of retreat of the ice mar¬ 
gin was most irregular. This was 
probably due to slight changes in 
atmospheric conditions which influ¬ 
enced the annual snowfall or de¬ 
gree of melting. Long pauses, dur¬ 
ing which marginal moraines were 
formed, alternated with periods of 
rather steady retreat. This is indi¬ 
cated by successive morainal ridges 
separated by areas of the till plain 
(Fig. 227). 

The rough and knobby surface 
peculiar to belts of marginal mo¬ 
raine sometimes is called kame-and- 
kettle topography (Fig. 228). Kames 
are rounded or irregular hills of gla¬ 
cial gravel. Kettles are steep-sided 
hollows, often quite round, in the 
drift. The moraine surface commonly 
is dotted with lakes which lie in the 
kettle holes. Lakes of this kind vary 
from small round ponds to some of 
considerable size (Fig. 229). Many of 
them have neither visible inlet nor 
visible outlet. They are maintained 
by surface drainage and by springs 
in the glacial deposits. Pleasantly ir¬ 
regular surfaces, numerous lakes, and 
scattered woodlands cause belts of 
marginal moraine to be sought as 
summer playgrounds by the inhabit¬ 
ants of adjacent flatter plains. 

Plains formed by glacial water. 
Drainage from a long ice front was 
discharged through many small, tem¬ 
porary, and shifting streams. These 
streams flowed through crevasses or 




Fig. 228. Two views showing the rough kame-and-kettle surfaces of marginal moraines. ( Photo¬ 
graphs by John R. Randall .) 


tunnels at the bottom of the ice. 
Often they were overloaded with 
sediment. Beyond the marginal mo¬ 
raines this water-carried sediment 
was deposited to form outwash plains 
(Fig. 230). These plains have flat 
surfaces and consist largely of sands, 
gravels, and small boulders. 

Because of the materials of which 
outwash plains are composed, they 
commonly are of rather low agricul¬ 


tural productivity as compared with 
ground moraine. Even though their 
surfaces are very flat, they are in 
some places stony and in others 
sandy. Usually they are subject to 
drouth because of the gravelly sub¬ 
soil and free underdrainage (Fig. 
231). They are, however, provided 
with naturally crushed and rudely 
assorted sands and gravels. These are 
valuable for constructional use, and 
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Fig. 229. Small kettle ponds surrounded by boulder-strewn kames in a marginal moraine near 
Whitewater, Wisconsin. (Photograph by V. C. Finch.) 



Fig. 230. The relationship of several classes of glacial and glacial-stream deposits to the parts of 
the glacier by which they were formed. A shows a plain partly covered by the margin of a 
stagnant glacier; B, the same plain after the complete melting of the ice. 
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Fig. 231. The flat or gently undulating surface of an outwash plain. (Courtesy Wisconsin Geological 
Survey.) 


the supply is abundant, since some 
of the outwash deposits are many 
feet thick. The large gravel pits of 
the Great Lakes region mainly are 
located in outwash plains. Roughly, 
the northern half of Long Island, 
which lies south of Connecticut, con¬ 
sists of marginal moraines; and the 
southern half, of an outwash plain. 
In South Dakota, Minnesota, Michi¬ 
gan, and other northern states, the 
thousands of miles of gravel roads 
reflect another use to which the 
abundant glacial deposits have been 
put. 

Drift plains of America and Europe. 

Those parts of glaciated North Amer¬ 
ica and Europe in which the features 
made by glacial deposition predomi¬ 
nate over those which result from ice 
scour are roughly indicated in Figs. 
232 and 233. The drift plains not 
only are extensive but include a 
large part of the most populous and 
highly developed sections of those 


continents. They contain localities 
of different appearance and utility. 
There are poor areas and productive 
areas. Each continent has its areas of 
lake-dotted marginal moraine and its 
areas of ground moraine with drum- 
lins, marshes, and gently rolling, cul¬ 
tivated land. 

New drift plains and old. The char¬ 
acteristic features of drift plains, as 
they have been described, are mainly 
those of recent glacial deposits. Such 
drift plains have been little altered 
by weathering and erosion since their 
deposition. 

In both North America and Eu¬ 
rope, however, are extensive plains 
that bear unmistakable evidence of 
being ice deposited but clearly are 
much older. Gradational processes 
have largely erased the typical fea¬ 
tures of drift plains and have created 
new features. Morainal ridges have 
been reduced, kames worn down, 
kettles filled, and lakes drained or 
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filled. Only the most resistant erratic 
boulders remain. Areas of old drift 
plains are found, for example, in 
parts of Iowa, western Illinois, and 
northern Missouri. 



Fig. 232. The glaciated regions of North Amer¬ 
ica distinguished as to the dominance of older 
drift, newer drift, and ice scour. 


Differences in the older drift give 
evidence of the advance and retreat 
of several different continental gla¬ 
ciers separated by intervals of many 
thousands of years. The easily ob¬ 
served features of the newer drift in 
the northern states show that the last 
ice age was, in terms of geologic 
time, relatively recent. 

Glacial lakes and lake plains. It has 
been pointed out that most glacial 
lakes of the present result from some 
kind of glacial obstruction of present 
drainage. This is in some degree true 
even of the Great Lakes. However, 
in an earlier stage of their history, 
the drainage of the Great Lakes was 
obstructed by the ice of the glacier 
itself. This was true also of other 
lakes that today have partly or wholly 
disappeared. 


Sometimes the glacial front re¬ 
treated by melting down a gentle 
slope. When this happened, a lake 
was formed, because the glacier front 
acted as a dam. Such a lake would 
increase in area and elevation until 
it found an overflow at the lowest 
place in its rim (Fig. 234). Tempo¬ 
rary former glacial lakes of that kind 
are known as marginal lakes. The 
final withdrawal of the ice barrier 
back of a marginal lake removed the 
dam that caused it. The drainage 
then found a new and lower outlet, 
and the lake dwindled in size or dis¬ 
appeared entirely. 

During the periods of their exist¬ 
ence, marginal lakes modified the 
land surface. The areas that they cov¬ 
ered are now called lake plains. Such 
plains are exceedingly flat. They are 
composed of the wave-worked clays, 



Fig. 233. The regions of older and newer glacia¬ 
tion in Europe, the latter subdivided as in Fig. 
232. 


silts, and sands of the glacial drift. 
Marginal lakes were generally shal¬ 
low. Waves and currents shifted sedi¬ 
ment over the lake floor, filling the 
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Fig. 234. Formation of a temporary lake between the margin of a glacier and a low divide across 
which the surplus drainage escapes. Glacial-lake deposits are seen in the lake bottom. 


depressions. As a result, when the 
lakes w 7 ere completely or partially 
drained, plains appeared that rank 
among the flattest in the world. Shore 
features, such as beach ridges and 
deltas, are spread over them at inter¬ 
vals. These mark successive stages in 
the lowering of the outlet and the 
decrease of the lake area. 

Important lake plains. Glacial lake 
plains are found in certain parts of 
Europe. Several of great area and 
unusual economic significance are lo¬ 
cated in North America. Notable 
among these are the Lake Agassiz 
Plain, certain margins of the Great 
Lakes, the Ontario clay belt, and the 
plain of central Wisconsin (Fig. 235). 

The Lake Agassiz Plain is situated 
in northwestern Minnesota, eastern 
North Dakota, and Manitoba. Lakes 
Winnipeg and Winnipegosis in Man¬ 
itoba at present occupy the lowest 
portions of the plain (Fig. 236). In 
this region the glacier front acted as 
a dam across a shallow and wide¬ 
spread depression with normal sur¬ 
face drainage toward Hudson Bay. 


For a long time the huge lake over¬ 
flowed to the south through what is 
today the Minnesota River, which 
empties into the Mississippi at Min¬ 
neapolis. 

One of the early scientists to study 
this region was Louis Agassiz (ag 'a- 
s£), a noted Swiss geologist and zo¬ 
ologist. He traced the shorelines of 
the ancient lake. His discoveries led 
to the use of his name in connection 
with the area. This region is some¬ 
times referred to as the Red River 
Valley. More correctly it should be 
called the Red River basin, because 
the Red River, which slowly mean¬ 
ders its way northward across the flat 
surface, occupies a narrow, shallow 
valley that is only a very small frac¬ 
tion of the entire lake plain. 

Soils are rich over much of the 
Agassiz Plain. Especially is this true 
in the vicinity of Fargo, Moorhead, 
and Grand Forks. In other localities 
it is sandy and underlain by gravel 
beds, like so many soils found 
throughout the area of recent glacial 
drift. Such soils dry out by under* 
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ground seepage much faster than cer¬ 
tain other types. The Agassiz Plain 
is noted for its production of spring 
wheat, potatoes, and flax. Barring oc¬ 
casional drouth, it is a highly pro¬ 
ductive region. 



Fig. 235. Principal glacial-lake plains and gla¬ 
cial spillways of North America. 


While the continental glacier 
blocked the St. Lawrence Valley, the 
Great Lakes not only overflowed 
through different outlets but also 
covered more territory. As a result, 
rather extensive lake plains are 
found around certain margins of the 
present lakes, especially in western 
New York, eastern Michigan, and 
northern Ohio. The city of Chicago 
stands in large part upon such a 
plain. A very extensive lake plain, 
known as the Ontario clay belt, is 
located about midway between Lake 
Huron and James Bay. 

In central Wisconsin there is a flat, 
sandy, and infertile lake plain. In 
such sandy plains, rain water sinks 
quickly into the ground and is of 
little use to shallow-rooted plants. 

Important glacial spillways. Sum¬ 
mer melting along an extended ice 


margin must have produced large 
volumes of drainage water. It would 
be strange if streams of sufficient size 
to carry s6 much water had not left 
their marks upon the landscape. The 
principal marks are ancient spill¬ 
ways. They are recognized as broad 
but short valleys. Many such spill¬ 
ways are known, in both Europe and 
North America. Several of them are 
now occupied by streams that seem 
ridiculously small in valleys that ap¬ 
pear to have been eroded by streams 
of the size of the Mississippi. 

Figure 235 shows the location and 
drainage relationships of the princi- 



Fig. 236. Extent of ancient glacial Lake Agassiz. 
(After Upham, U. S. Geological Survey . From 
"Introduction to Geology" by E . fi. Branson 
and W. A. Tarr, McGraw-Hill Book Co.) 

pal American spillways. It will be 
recognized at once that some of them 
are of unusual significance as routes 
of present-day transportation. The 
Chicago outlet provided a naturally 
graded site that made possible the 
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economical construction of the Illi¬ 
nois and Michigan Canal and later 
the Chicago Sanitary and Ship Canal 
which runs through the city of Chi- 



Fig. 237. For a long period of time the Great 
Lakes were prevented from draining into the 
Atlantic through the St. Lawrence River because 
the continental glacier acted as a dam across 
that river. The four principal spillways at that 
time were the St. Croix-Mississippi, the Illinois, 
the Wabash, and the Mohawk-Hudson. 

cago. It is traversed also by railway 
lines and an important highway. The 
Mohawk Valley outlet toward the 
Hudson River furnishes the lowest 
and best graded route across the 
Appalachian highlands (Fig. 237). It 
became a busy thoroughfare after 
the construction of the Erie Canal 
and now carries a high concentration 
of rail, highway, and airplane traffic. 

Figure 238 shows the network of 
spillways that carried drainage from 
the retreating ice fronts of Europe. 
The channels made by this drainage 
cut across the present trend of the 
river valleys of the North European 
plain and provide natural access 
from one of them to another. The 
German system of canals utilizes 


these graded courses to link together 
the natural waterways of the country. 

SUMMARY 

The most important results of con¬ 
tinental glaciation in North America 
may be listed as follows: 

1) The ice-scoured Laurentian up¬ 
land, with the exception of certain 
bare spots, is covered with a thin soil 
that supports the growth of forests 
of shallow-rooted conifers. 

2) Western Ontario and north¬ 
eastern Minnesota contain hundreds 
of lakes occupying rock basins that 
resulted from ice scour. 

3) The ice-scoured plains have nu¬ 
merous waterfalls and rapids avail¬ 
able for water power. 

4) The north central states of the 
United States are covered largely 
with recent glacial drift. Between 



Fig. 238. The glacial spillways that drained the 
long European ice front toward the west at 
various stages of its disappearance. (After Paul 
Woldstedt, "Das Eiszeitalter.") 

them and the Ohio and Missouri 
rivers are areas of older drift. 

5) The glacial drift has contrib¬ 
uted to the formation of some of the 
richest soils in America. 
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G) Numerous lakes in the till sheet 
are sites for summer resorts. 

7) The Great Lakes, the greatest 
inland waterway in the world, are 
a result of ice scour and glacial dep¬ 
osition in preglacial valleys. 

8) The thousands of lakes yield 
abundant supplies of food fish. 

9) The Agassiz Plain and other 
lake plains are valuable agricultural 
lands. 


10) The glacial spillways provide 
important transportation thorough¬ 
fares. 

11) In contrast to some glaciated 
regions characterized by rich soils are 
others where soils are made more or 
less infertile by the presence of abun¬ 
dant sand and gravel. 

12) In some localities, erratic boul¬ 
ders interfere with the cultivation of 
the land. 


QUESTIONS 

1. What are three ways in which continental glaciers affect a land sur¬ 
face? 

2. What are the two great types of glaciated plains? How is each formed? 

3. Describe the surface of an ice-scoured plain. 

4. What are striations? What do they sometimes indicate? 

5. Describe the drainage of ice-scoured plains. 

6. Why are rock basins and waterfalls numerous in ice-scoured plains? 

7. Name and locate two extensive ice-scoured plains. 

8. Of what economic value are the lakes of Ontario? 

9. Where is the Arrowhead Country of Minnesota? the Lake of the 
Woods? 

10. Where is the most northerly point of the United States? 

11. Where are the drift plains with respect to the ice-scoured plains? 

12. What is the thickness of the drift? 

13. Define ground moraine, or till plain. 

14. How can you differentiate between glacial drift and the sediments 
deposited by water? 

15. Why is the presence of numerous erratic boulders a handicap to 
farming? 

16. Why are numerous depressions without outlets found in ground 
moraine? 

17. What is a drumlin? Where are drumlins found? 

18. Why is the drainage of ground moraine generally poor? 

19. Locate Niagara and St. Anthony waterfalls, piscuss the importance 
of each. 

20. How did glaciation contribute to the formation of the Great Lakes? 

21. Why are large industrial cities located in the Great Lakes region? 

22. Why is the Welland Canal necessary? the “Soo” Canals? Locate each. 
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23. Mention several reasons why the St. Lawrence River should be deep¬ 
ened to accommodate ocean liners. What are some arguments against the 
project? 

24. Where is the Mohawk River? the Erie Canal? 

25. Why are lakes in ground moraine less permanent than those in ice- 
scoured plains? 

26. What is peat? 

27. Which state, Minnesota or Iowa, has more swampland? Why? 

28. How were marginal moraines formed? 

29. Why were there periods of halting in the movement of the ice front? 

30. What are end, or terminal, moraines? 

31. Comparing regions of ground and marginal moraines: Which would 
you expect to be more hilly? more swampy? 

32. What is a kame? a kettle? 

33. How is an outwash plain formed? 

34. Why are outwash plains of rather low agricultural value? 

35. What constructional materials are secured from outwash plains? 

36. Where is Long Island? Of what glacial features is it composed? 

37. Locate the drift plains of Europe and North America. 

38. How do old drift plains differ from new drift? 

39. In what parts of what states are old drift plains to be observed? 

40. How were marginal lakes formed? Why did they wholly or partly 
disappear? 

41. Why are lake plains extremely flat? 

42. Locate several notable lake plains in North America. 

43. What lakes occupy the lowest portions of the Agassiz Plain? 

44. Why is the name Agassiz applied to this plain? 

45. Why is it incorrect to refer to the Agassiz Plain as the Red River 
Valley? 

46. For what agricultural crops is the Agassiz Plain noted? 

47. Where are lake plains located around the Great Lakes? 

48. Locate the principal glacial spillways in North America. For what 
are they used today? 

49. State several results of continental glaciation in North America. 

50. Why are some glacial soils infertile? 

SUGGESTED ACTIVITIES 

1. Secure a large map of Ontario, and count the lakes. Can many of 
them be reached by railroad? by highway? 

2. Draw a large map of the Lake of the Woods. Note the railroads and 
highways in the region. Draw the international boundary line in this lake. 
Look up the history of that line. 
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3. Learn to sketch a map of the Great Lakes from memory. Label im¬ 
portant cities and the four important canals. 

4. Secure a good map showing the system of canals at Sault Sainte Marie. 
How many canals are there? For what are they used? 

5. Outline the corn belt on a map of the United States. Use different 
colors to show the portions of this belt covered by new and old glacial drift. 

6. If possible, secure some erratic boulders showing striae. 

7. Secure automobile highway maps of the north central states. New 
England, and New York. Note the distribution of lakes. Some counties in 
Minnesota have 40 or more summer resorts. Are these counties north or 
south of St. Paul? How were most lakes in north central Minnesota formed? 
How about the lakes of Maine? 

8. Describe the route that you would follow in making a summer tour 
of the Great Lakes region. 

9. Look up the area and depth of each of the Great Lakes. 

10. If you live in the glaciated area, make field trips to study any local 
evidences of glaciation. 

11. Secure molding materials, and make a relief model of Niagara Falls, 
using the contour map of the region to determine elevations and distances. 

12. Make a relief model to show drumlins. Use the Sun Prairie, Wiscon¬ 
sin, quadrangle (U. S. Geological Survey). 

13. Secure several topographic maps of a certain glaciated region that 
you wish to study. Trim off the edges of each map, and fasten them together 
to provide a map of a more extensive area. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 

1. The Laurentian Upland 

2. Finland 

3. The Arrowhead Country of Minnesota 

4. The Lake of the Woods 

5. Niagara Falls 

6. The Great Lakes-St. Lawrence Waterway to the Ocean 

7. The Mohawk Lowland as a Transportation Thoroughfare 

8. The Surface Features of Long Island 

9. Agriculture in Regions of Older Drift 

10. The Lake Agassiz Plain 
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Standard textbooks on geology. 



CHAPTER 12. 


Plateaus and Hill Country 


In our study of environment we 
are much concerned with landforms, 
because they have a great deal to do 
with the way in which people make 
a living in the various regions of the 
earth. Plains that have good climate 
and soil are used by man for agricul¬ 
tural pursuits. In certain localities 
where transportation and commerce 
are favorable, manufacturing may at¬ 
tract thousands of people. In such 
relatively small areas the density of 
population often is very great. Enor¬ 
mous portions of the world’s plains, 
however, are sparsely or thinly pop¬ 
ulated, mainly because of unfavor¬ 
able climate. 

Chapters 10 and 11 dealt with 
landforms that may be observed on 
plains, landforms resulting largely 
from erosion and deposition by riv¬ 
ers and glaciers. In Chapters 12 and 
13 we shall consider landforms of a 
more rugged nature and higher 
above sea level than plains: plateaus, 
hill country, and mountains. In gen¬ 
eral, these rougher and higher land- 
forms are more sparsely populated 
than are plains. The rugged nature 
of the land makes transportation 
more difficult. Agriculture is limited 
largely to the grazing of cattle and 
sheep. Mining, however, in some lo¬ 


calities, is of considerable impor¬ 
tance. Climate is often severe, espe¬ 
cially in winter. 

PLATEAUS 

A plateau is a large area that has 
considerable elevation above sea 
level (Fig. 239). Most of the great 
plateaus of the earth have an average 
elevation of at least 2000 feet above 
sea level. They have considerable 
local relief of 500 feet or more and 
usually have an abrupt escarpment, 
or bluff, at least on one side. We 
shall study three types of plateaus: 
intermontane, meaning between 
mountains; piedmont; and continen¬ 
tal plateaus, or tablelands (Fig. 240). 

Intermontane plateaus. Intermon- 
tane plateaus are high land surfaces 
surrounded more or less by moun¬ 
tains. The plateau of Tibet, north of 
India* is an eastward-sloping high¬ 
land. Much of its surface lies at an 
elevation between 10,000 and 15,000 
feet above sea level. On the south 
rise fhe great heights of the Hima¬ 
layas. Mountains on the other sides 
are lower, yet of sufficient elevation 
to cause much of the plateau to have 
interior drainage. Interior drainage 
means that surface waters flow into 
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Fig. 239. In the background is the fairly flat surface of the Colorado Plateau in northern Arizona. 
This plateau surface ranges from 6000 to 9000 feet above sea level. In the foreground are 
sedimentary rocks exposed in the Grand Canyon of the Colorado River. (Courtesy Trans World 
Airline.) 


lakes or seas that have no outlet to 
the ocean. Surplus water escapes 
through deeply cut valleys and gorges 
that notch the mountain margins. A 
similar plateau in Bolivia has an ele¬ 
vation between 10,000 and 15,000 
feet. These are the highest of the 
intermontane plateaus. Others of 
lower elevation are the dry plateaus 
of Mongolia, the Tarim basin in 
Asia, and in the United States the 
Great Basin and the Columbia Pla¬ 
teau. 

Mexico is largely a high plateau, 
bordered on the east and west by 
rugged mountains. This plateau has 
a decided effect on climate in that 
it makes night temperatures much 
lower than they otherwise would be. 


'Fhe climate of Mexico City, almost 
8000 feet above sea level, is very 
pleasant the year round. Days may 
be warm to hot, but nights are usu¬ 
ally cool. This contrasts with the 
continuously hot, humid climate of 
Veracruz, which lies east of Mexico 
City on the shore of the Gulf of 
Mexico. 

The rugged plateau and moun¬ 
tains of Mexico have made the build¬ 
ing of transportation lines difficult 
and expensive. Only within recent 
years has a concrete highway been 
completed from Texas to Mexico 
City. Especially does the northern 
portion of the Mexican plateau suf¬ 
fer from scanty rainfall. The south¬ 
ern part is more favored, and it is 
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here that cereals, especially corn, are 
produced in considerable quantities. 
This plateau for years has been fa¬ 
mous as the world’s greatest pro- 



Fig. 240. The three types of plateaus: A, inter- 
montane; B, piedmont; C, continental plateau, 
or tableland. 


ducer of silver. Other metals, espe¬ 
cially gold, are mined with the silver. 

Piedmont plateaus. There are many 
small piedmont plateaus; few large 
ones. They lie between mountains 
and bordering plains or the sea. The 
plateau of Patagonia, in southern 
Argentina, lies east of the Andes 
Mountains. Streams have cut this 
plateau surface into roughly paral¬ 


lel blocks somewhat like the Great 
Plains of the United States. How¬ 
ever, instead of grading into lower 
plains, as do the Great Plains, the 
Patagonian plateau ends near the 
Atlantic in an abrupt escarpment 
300 to 600 feet high. 

The Colorado plateaus in south¬ 
western United States are, in a sense, 
piedmont plateaus. They are bor¬ 
dered on the north and east by the 
high ranges of the Wasatch, Uinta, 
Rocky, and San Juan Mountains. On 
the west and south they stand above 
the adjacent basins in escarpments 
that are from a few hundreds to as 
much as 5000 feet in height. 

Continental plateaus. These pla¬ 
teaus, or tablelands, rise with some 
abruptness from bordering lowlands 
or from the sea. In general they do 
not have conspicuous mountain rims. 
Some examples of great tablelands 
are the peninsulas of India, Spain, 
and Arabia; southern Africa; parts of 
Australia; and ice-covered Greenland 
and Antarctica. 

Tablelands in general are areas of 
relatively recent crustal uplift. Such 
uplift may produce a regular shore¬ 
line with very few indentations. 
Africa, for example, has a very regu¬ 
lar shoreline. This means a lack of 
natural harbors and is a handicap 
to the development of commercial 
ports. 

The continental plateau, or table¬ 
land, character of Africa is clearly 
shown by the gradients of its major 
streams. Arising in interior uplands, 
each of the great African rivers, the 
Nile, Zambezi, Limpopo, Orange, 
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Congo, and Niger, has a middle 
course of relatively gentle gradient, 
after which it plunges over the pla¬ 
teau escarpment in falls or rapids 
which make it unnavigable. The fall 
of the Nile is distributed among its 
six famous cataracts which are sep¬ 
arated from each other by distances 
of 150 to 200 miles. The Congo, 
near its mouth, descends nearly 1000 
feet from the plateau surface over a 
stretch of wild rapids. 

The Zambezi River leaves the pla¬ 
teau by means of Victoria Falls. These 
falls are twice as high as Niagara but 
only half as wide. The river then 
descends through a 40-mile gorge 
and over a series of rapids before it 
reaches the level of the coastal plain. 
Even the smaller Orange River has a 
300-foot waterfall in its lower course. 
The impossibility of reaching the 
interior of the continent by uninter¬ 
rupted stream navigation is one of 
the reasons why Africa was the last 
of the continents to be penetrated by 
Europeans. 

The Colorado plateaus are located 
in parts of Arizona, Utah, Colorado, 
and New Mexico (Fig. 241). This 
vast region is equal in area to the 
combined areas of Ohio, Indiana, and 
Illinois. Sedimentary rocks, mainly 
sandstone, limestone, and shale, total¬ 
ing several thousands of feet in thick¬ 
ness, lie in a nearly horizontal posi¬ 
tion upon a foundation of crystalline 
rocks (Fig. 242). Here one observes 
a land surface that is mainly flattish, 
table-like or steplike in formation. 
The various plateaus are separated 
by canyons or bold escarpments. The 


Kaibab Plateau in northern Arizona, 
one of the group, reaches an eleva¬ 
tion of some 9000 feet above sea 
level. The entire region is arid to 
semiarid. 

The Columbia Plateau in Wash¬ 
ington, Oregon, and Idaho is an out- 



Fig. 241. The location of the Colorado and 
Columbia plateaus in relation to the Great 
Basin and western mountains. 


standing example of a lava plateau. 
In this region, lavas have covered an 
area as large as that of the combined 
states of New York, New Jersey, and 
Pennsylvania. The lavas occur in 
nearly horizontal flows of variable 
thickness (Fig. 243). The successive 
layers bury an uneven surface of 
former erosion. Through this pla¬ 
teau, which extends to Yellowstone 
National Park, the Snake River, in 
parts of its course, has cut deep can¬ 
yons. In the walls of the canyon the 
layers of extruded, solidified lava are 
exposed. 
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Fig. 242. The Grand Canyon of the Colorado River. The narrow inner gorge, cut in crystalline 
rock, is in striking contrast to the intricately carved steps eroded in the sedimentary rocks above. 
(Photograph by V. C. Finch.) 


The igneous rocks of this plateau 
over considerable areas are covered 
by a fairly rich soil. Lying on the lee¬ 
ward side of the Cascade Mountains, 
this area is semiarid. Rainfall, how¬ 
ever, is sufficient for the growth of 
wheat, and the region around Spo¬ 
kane, Washington, is noted for the 
production of this cereal. 

Plateaus in dry climates. Climatic 
conditions largely determine the 
characteristic features of the plateau 
surface. The greater number of the 
world’s plateaus have arid or semi¬ 
arid climates for the following rea¬ 
sons: 

1) Some plateaus are in regions of 
the trade winds. 


2) Interrnontane plateaus are al¬ 
most certain to lie on the leeward 
side of mountain barriers. 

3) Certain plateaus have their 
high sides facing the prevailing 
winds. Moderate or abundant pre¬ 
cipitation falls on the windward 
slopes, but the plateau surface is rela¬ 
tively dry. 

4) Plateaus in regions of abundant 
rainfall do not long retain their pla¬ 
teau features. In a relatively short 
time, geologically speaking, such a 
plateau becomes much dissected or 
cut up. Then it changes to a hill 
region or mountain mass. 

Arid plateau valleys. The valleys of 
arid plateaus generally have the fea- 
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tures that are characteristic of young 
valleys. Streams that originate out¬ 
side the plateau in regions of plenti¬ 
ful rain, called exotic streams, are 



Fig. 243. An exposure of the Columbia Plateau 
basalts showing beds that result from succes¬ 
sive lava flows. ( Courtesy U. S. Geological Sur¬ 
vey.) 

likely to form canyons. The same is 
true of some tributary streams. Un¬ 
der certain conditions, a natural 
bridge may be formed (Fig. 244). 

The development of canyons is 
largely the result of the following 
conditions: 

1) Orographic rainfall in nearby 
mountains may provide sufficient wa¬ 
ter for a river to cross a plateau and 
to descend to the sea beyond. 

2) A swift river carrying sand and 
gravel has great eroding power. 

S) The plateau surface is high 
above its base level. 

4) The solid rocks are able to 
stand in steep slopes. 

5) The slow rate of weathering 
and small amount of slope wash in 
arid lands tend to preserve the steep¬ 
ness of the valley walls. 

The typical canyon is not favor¬ 
able to the various means of trans¬ 


portation. Its narrow bottom offers 
little space for railroad or highway. 
The stream itself is likely to have a 
high velocity and to be interrupted 
by great boulders, rapids, and water¬ 
falls. Moreover, the stream is subject 
to rapid and large changes in volume. 
The canyon floor is reached only by 
a steep climb down a precipitous val¬ 
ley wall or by the difficult route of a 
tributary canyon. At the plateau sur¬ 
face, the canyon walls are usually so 
far apart that bridging is out of the 
question. It is evident, therefore, that 



Fig. 244. Rainbow Natural Bridge, southern 
Utah. This unusual landform has been caused 
mainly by stream erosion. 


canyons greatly increase the inac¬ 
cessibility of plateau regions. 

The Grand Canyon of the Colo¬ 
rado River, in northern Arizona, is 
the most magnificent of its kind, and 
for that reason part of it has been 
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included in one of the national 
parks. This great canyon has been 
carved in solid rock by the swift Col¬ 
orado River, which originates in the 
Rocky Mountains of Colorado and 
flows across high, arid plateaus on its 
way to the Gulf of California. Few 
permanent tributaries join the main 
stream. 

In one part of its valley the Colo¬ 
rado River has cut through more 
than 4000 feet of nearly horizontal 
sedimentary rocks and more than 
1000 feet into crystalline rocks be¬ 
neath them (Figs. 239, 242). The ero¬ 
sion of the latter has produced a 
narrow inner gorge, above which the 
walls of sedimentary rocks rise in a 
series of giant steps. These steps were 
produced by the unequal resistance 
to river erosion of such rocks as shale 
and sandstone. The exposed edges of 
the more resistant sedimentary strata 
form the almost vertical walls of the 
canyon; the less resistant layers ap¬ 
pear as intervening slopes. At its top 
the huge valley varies from 8 to 12 
miles in width, but the bottom is 
little more than the width of the 
river itself. 

To attempt to describe the scenic 
grandeur of the Grand Canyon is 
indeed a difficult task. The walls of 
solid rock present hundreds of intri¬ 
cate forms. From certain points on 
the canyon rim, the Colorado River 
is seen as a tiny ribbon of water, a 
mile below, persistently grinding its 
channel deeper and deeper into the 
solid earth. But even more impres¬ 
sive than the rock formations is the 
display of beautiful colors shown 


by the various kinds of rocks. Red¬ 
dish sandstones, gray-blue shales, and 
whitish limestones intermingle to 
produce a pleasing variety of colors. 
Especially at sundown, the blending 
of colors and the ceaseless change in 
color combinations present one of 
the most fascinating sights in the 
world. 

The enormous size of the Grand 
Canyon compels the traveler to con¬ 
sider the vast amount of time re¬ 
quired for geological processes to 
produce such a feature on the earth’s 
surface. For hundreds of millions of 
years the entire region was covered 
by the sea. Sands, muds, and limes 
collected on the sea floor to form 
successive layers of sandstone, shale, 
and limestone, now thousands of feet 
thick. Then came the slow uplift of 
the sedimentary rocks, the disap¬ 
pearance of the sea, and the carving 
of the canyon, requiring other mil¬ 
lions of years. As one beholds the 
Grand Canyon, he is deeply con¬ 
scious of the earth’s great age. The 
span of human life seems, by com¬ 
parison, truly insignificant. 

Mesas and buttes. In American dry 
lands, a plateau upland of small to 
moderate size with a flat top and 
steep sides is called a mesa (Fig. 245). 
Usually mesas are portions of larger 
plateaus that have been detached by 
the formation and widening of can¬ 
yons or arroyos (a Spanish name ap¬ 
plied to flat-bottomed, steep-sided 
valleys). A resistant layer of rock, 
such as sandstone or some form of 
solidified lava, usually forms the top 
of a mesa. The more rapid erosion 
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Fig. 245. Hoover (Boulder) Dam on the Colorado River. Note the large mesa in the background. 
(Courtesy U, S . Department of the Interior .) 


of less resistant rocks beneath is re- Aral seas, and those around Lake 
sponsible for the table-like appear- Eyre in Australia, 
ance of this plateau feature. Forma- Some arid plateaus have interior 
tions of similar origin but of smaller drainage. Especially is this true of 
size are called buttes . Mesas are espe- intermontane plateaus. Here, along 
dally characteristic of New Mexico the mountain sides, may be observed 
and Arizona; buttes, of Montana, the numerous alluvial fans and, over the 
Dakotas, and Wyoming. basin floor, dry stream beds and occa- 

Interior drainage. Interior drain- sional sand dunes. Such features may 
age, you will recall, refers to drainage be observed in the Great Basin of 
in which surface waters flow into in- the United States, which is located 
terior basins that have no outlet to mainly in Nevada, 
the sea. This type of drainage is The lakes that occupy the lowest 
found in certain dry plains, such as portions of interior basins often con- 
the plains of Turkestan and Russia tain salt water, because streams carry 
which drain into the Caspian and salt to the lakes and because evapora- 
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tion of the lake water causes the per¬ 
centage of salt to increase. Examples 
of salt lakes in plateau basins are 
shown by Great Salt Lake, Utah; 
Mono Lake, California; Koko Nor 
in central Asia; and the lakes of Iran 



(Persia). Not all lakes similarly lo¬ 
cated contain salt water, because they 
overflow into other lakes at lower 
elevations. This is true of Lake Titi¬ 
caca, Bolivia, the highest large body 
of water in the world, and of Utah 
Lake, which overflows through the 
Jordan River into Great Salt Lake. 
In the Great Basin, many shallow 
lake beds contain water only after 
occasional rains. At other times they 
appear as flat expanses of mud, 
which, under the heat of the sun, 


soon become dry and cracked. They 
are called playa lakes. 

Plateaus in humid climates. Plateaus 
situated in humid climates tend to 
be much more dissected or cut up by 
stream valleys than those in the dry 
climates. Some are so dissected that 
they have lost most of their plateau 
characteristics. The eastern highland 
of Australia, the eastern front of the 
Brazilian plateau, and the western 
front of the Deccan Plateau of India 
receive considerable rainfall. They 
have been dissected into hill re¬ 
gions, locally called mountains. More 
continuous stream erosion and the 
greater rapidity of the weathering 
processes change the plateau surface 
into one of broad divides with 
rounded and irregular upland areas. 
Such dissected plateaus are found 
in certain parts of the Allegheny- 
Cumberland highland of the United 
States and in other parts of the 
world. 

Great ice plateaus. Vast sheets of 
ice cover most of Greenland and 
Antarctica. They are probably much 
like the great ice sheets that once 
covered large parts of North Amer¬ 
ica and Europe. Both may be re¬ 
garded as ice plateaus. The Green¬ 
land ice cap (Fig. 246) is largely held 
within fringing mountain walls. 
That of Antarctica, for the most 
part, rises abruptly for several scores 
of feet. Then it slopes rapidly up to 
a flattish interior which has an aver¬ 
age elevation of about 7000 feet and 
a maximum of more than 9000 feet 
in the region of the geographical 
South Pole. Its vast expanse includes 




Fig. 247. Tongues from the Greenland ice plateau protrude coastward through the fringing 
mountains. (Photograph by Rasmussen, courtesy "Geographical Review/') 


an area about one and two-thirds 
times that of the United States, al¬ 
most entirely ice covered. 

In general, the surface of the Ant¬ 
arctic ice plateau is flat. In places 
there are cracks, or crevasses, some 
of great depth. Around most of its 
margin, the glacier extends into the 
sea, so that the exact position of the 
shoreline of the continent is not 
known. The glacier edge appears as 
a high ice cliff, many miles in length. 
From this cliff huge masses of ice 
break off to form the largest icebergs 
in the world. In Greenland, tongues 
of ice extend down valleys to the sea 
(Fig. 247). They produce icebergs 
that are a hazard to navigation when 
they drift southward into the North 
Atlantic steamship lanes in the 
spring. 



Fig. 248. Hill regions of the eastern states: A, 
Appalachian hill region; B, ridge-and-valley 
region; C, Blue Ridge region; D, Piedmont re¬ 
gion; E, Atlantic coastal plain. 




Fig. 249. Looking up the valley of the Gauley River, near Swiss, West Virginia, in the Allegheny- 
Cumberland hill region. 



Fig. 250. Dendritic pattern is characteristic of 
stream development in the maturely dissected 
Allegherty-Cumberland hill region. 


HILL LANDS 

The misfortune of the word hill 
in common use is that it is applied 
to elevations that range all the way 
from mounds to mountains. Hill 
lands are different from plains, even 
rough plains, in that they have, by 
definition, considerably greater local 
relief. They resemble mountain re¬ 
gions in that they include land of 
which a large part is in steep slopes. 
Some very rough hills are mountain¬ 
like in comparison with adjacent 
plains and locally are called moun¬ 
tains. However, in most hill regions 
the features are less massive than 
those of mountains, their parts are 
less complicated, and their detailed 







Fig. 257. Mount Hope, West Virginia, a coal town of some 2000 population. The Allegheny- 
Cumberland hill region is famous for its extensive coal deposits. 


features are of a smaller order of size. 
Hill land may be thought of as a 
region (1) having a high percentage 
of fairly steep slopes, (2) with up¬ 
lands of small summit area, and (3) 
having a local relief of from about 
500 to 2000 feet. 

Allegheny-Cumberland hill region. 

The Appalachian hill region also 
goes by the name of Appalachian 
plateaus . It extends from northern 
Pennsylvania to northeastern Ala¬ 
bama (Figs. 248, 249). This is a re¬ 
gion developed mainly by stream 
erosion in a humid climate and 
where bedrock consists of horizontal 
sedimentary strata. Local relief in 
general is from 500 to 2000 feet. In 
places it reaches 3000 feet or more, 
giving the landscape the appearance 
of low mountains. The stream pat¬ 


tern of a large part of the area is 
dendritic, or treelike (Fig. 250). The 
major streams have broadened their 
valleys and developed small flood- 
plains. The secondary streams oc¬ 
cupy V-shaped valleys which, how¬ 
ever, may be followed by roads or 
railroads. The minor tributary val¬ 
leys are of great number. 

In the western part of this region, 
good roads and well-developed farms 
occupy the spacious valleys. The 
rounded hills are pastured, and only 
the steeper slopes remain in wood¬ 
land. In the rougher areas farther 
east, cropland is limited in extent, 
since both bottomlands and flat up¬ 
lands are nearly lacking. Most of the 
slopes are wooded, but some of 
surprising steepness are cultivated. 
Roads, railroads, and settlements are 
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in the narrow valleys. Many of the 
larger settlements, mostly coal-min¬ 
ing camps, are strung along the val¬ 
leys (Fig. 251). Some, especially in 
eastern Kentucky, have little contact 
with the outside world. This particu¬ 
lar hill region is outstanding in one 
respect. It contains some of the most 
extensive coal deposits in the world. 



Fig. 252. The Ozark dome in southeastern 
Missouri, showing how the crystalline rocks out¬ 
crop to form the St. Francis "Mountains." Some 
sedimentary rocks that are 1600 feet above 
sea level in the vicinity of the St. Francis "Moun¬ 
tains" are 1000 feet below sea level in western 
Missouri. 

Ozark hill lands. The Ozark hill 
lands are situated mainly in south¬ 
ern Missouri and northern Arkansas. 
Here the sedimentary strata dip 
slightly downward from the uplifted 
granite dome that forms the St. 
Francis “Mountains” in southeastern 
Missouri (Fig. 252). Few railroads 
penetrate the more hilly sections. 
Dendritic drainage carries surface 
waters to the Missouri and Missis¬ 
sippi rivers. Because the hills are 
well covered with a growth of de¬ 
ciduous hardwoods, several national 
forests have been established in the 
region. The larger streams are of 
such volume that some have been 
dammed to create artificial lakes and 
to provide hydroelectric power. 


In addition to the Allegheny and 
Ozark hill lands, there are others 
developed under similar conditions. 
Among them are regions located in 
southern Germany, in parts of pen¬ 
insular India, and east of the Dra¬ 
kensberg Mountains in southeastern 
Africa. 

Appalachian ridge-and-valley re¬ 
gion. Certain hill regions are char¬ 
acterized by ridges and valleys that 
are roughly parallel. These contrast 
sharply with hills having the den¬ 
dritic valley pattern. The parallel 
arrangement results from the erosion 
of crustal wrinkles in sedimentary 
rocks of unequal resistance. The Ap¬ 
palachian ridge-and-valley region is 
the most notable example in the 
world of such hill country (Fig. 253). 
It extends from central Pennsyl¬ 
vania southwestward into northeast¬ 
ern Alabama and lies immediately 
east of the Allegheny-Cumberland 
area. 

Folding of the sedimentary rocks 
was produced by compression from 
east and west. The synclines and 
anticlines that were produced have 
been greatly eroded and, in places, 
faulted. The present ridges are 
largely the upturned edges of more 
resistant rocks, such as sandstone 
and conglomerate. The valleys are 
eroded in softer rocks, mainly shale 
and limestone (Fig. 254). The major 
ridges range in height from 500 to 
1500 feet above the adjacent valleys. 

Certain large rivers cut across the 
folded Appalachians, some almost at 
right angles to the long, parallel 
hills. Their valleys now form notches 
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Fig. 253. A view across the parallel ridges and valleys of one section of the folded Appalachians. 
Water gaps cot two of the ridges at the extreme right. In many parts of the ridge-and-valley 
region, the valleys are much wider than those shown here and contain large areas of farmland. 
(Fairchild Aerial Surveys, Inc.) 


in the ridges. These notches are 
known as water gaps and are utilized 
by east-west railroads and highways 
(Fig. 255). Among the more notable 
water gaps are those cut by the Le¬ 
high, Delaware, Susquehanna, and 
Potomac rivers. 

One explanation offered for the 
formation of some water gaps is 
that the streams had enough erosive 
power to degrade their channels into 
the rock layers that were being 
pushed upward across their courses. 
They are called antecedent streams, 
because they antedate the time when 
the rocks were uplifted. This expla¬ 
nation applies to certain water gaps 
in the Appalachian ridges and to 
that formed by the Columbia River 
through the Cascade Mountains. In 
some cases the notches in uplifted 
rocks have been abandoned by the 


streams that cut them. Such notches 
are called wind gaps. In the Appa¬ 
lachian region, smaller streams flow 
through the parallel valleys and 
empty into the larger antecedent 
rivers. Thus is developed a some¬ 
what rectangular pattern of drain¬ 
age, called trellis drainage (Fig. 256). 

Some of the valleys in this region 
are noted for their continuity, and 
a few for their agricultural produc¬ 
tivity. The most famed is the Great 
Appalachian Valley which extends 
from New York to Alabama. This is 
not a single, continuous valley like 
one occupied by a river. It is com¬ 
posed of a number of valleys, among 
which two of the best known are 
the Tennessee and Shenandoah. The 
Tennessee Valley is well known as 
the site of the famous hydroelectric 
and flood-control project known as 
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Fig. 254. Development of linear ridges, parallel valleys, and enclosed valleys: A, horizontal strata; 
B, anticlinal and synclinal folding, with pitching anticlines; C, erosional mountains cut in the 
folded structures; D, the region baseleveled; E, the peneplain slightly elevated and reeroded. 
Linear ridges, broad valleys, enclosed or canoe-shaped valleys, and water gaps are shown. They 
are of the types seen in the Appalachians. 


the Tennessee Valley Authority 
(TVA). Farther downstream on the 
Tennessee River at Muscle Shoals, 
in northern Alabama, is a somewhat 
similar project. The Shenandoah 
Valley is a result of the erosion of 
less resistant layers of limestone. It 
is famous not only for beauty of 
landscape but also for agricultural 
wealth. 

Crystalline Appalachian highland. 

The crystalline Appalachian high¬ 
land of the South is located mainly 
in western Virginia, North Carolina, 
and Georgia. The region is known 


popularly as the Blue Ridge Moun¬ 
tains. It is comprised of igneous and 
metamorphic rocks of great age and 
structural complexity. The widest 
portion of the region, where local 
relief is over 2000 feet, is in western 
North Carolina (Fig. 257). Most of 
the area is a hill region of great ir¬ 
regularity. At the western margin, 
some rocks of exceptional resistance 
form the Great Smoky Mountains. 

Other hill regions. Some hill regions 
have been developed under condi¬ 
tions different from any of those de¬ 
scribed above. 
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Fig. 255. A ridge in the folded Appalachians. Fig. 256. The type of drainage pattern de- 

Note the water gap where the river cuts the veloped in association with relief features and 

ridge at right angles. The fields of the culti- rock structures such as those in Fig. 253. 
vated valleys are snow covered; the wooded 
ridge shows dark. The river is nearly ice 
covered. (Fairchild Aerial Surveys, Inc.) 



Fig. 257. The subdued relief and eroded basins, or coves, of the crystalline Appalachians in 
western North Carolina. (Photograph by Cline.) 
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1) The California Coast Ranges, 
especially those south of San Fran¬ 
cisco, are composed of sedimentary 
rocks of several kinds and degrees of 
resistance, together with some igne¬ 
ous and metamorphic rocks. The 
rocks have been severely folded and 



Fig. 258. Domelike hills in central France that 
are remnants of ancient volcanic cones. (After 
photograph by Tempest Anderson .) 


are arranged in a parallel ridge-and- 
valley pattern. These hills have been 
subject to recent faulting. The faults 
bear a close relation to the positions 
and arrangement of the parallel val¬ 
leys. 

2) The Black Hills have been 
carved from a dome-shaped uplift 
caused by a Iaccolithic intrusion. 
The igneous rock is exposed in the 
central area of the hills. The eroded, 
upturned edges of sedimentary rocks 
surround the central core. Local re¬ 
lief is about 2000 feet. 

3) In the central highland of 
France and the Eifel of western Ger¬ 
many are hill regions of a type found 
in modified form in other parts of 
the world. Upon a platform of older 
rocks are the remains of lava flows 
and volcanic cones. Erosion has long 


since modified these surfaces but has 
not entirely removed the volcanic 
features. Subdued volcanic cones re¬ 
main and also domelike hills which 
are the weathered stumps of the lava 
cores, or plugs, that led to the former 
volcanic outlets (Fig. 258). A some¬ 
what similar region is located in 
northeastern New Mexico in the vi¬ 
cinity of Mount Capulin, an extinct 
volcano. This mountain is a national 
monument. 

4) The most extensive and least 
known hill region in the world is 
located in eastern Asia. It includes 
not only large mainland areas in 
Siberia, Manchuria, and central and 
south China but also most of Korea 
and Japan. Herein are rocks and 
structures of great diversity. There 
are hill regions of various patterns 
of arrangement and containing many 
kinds of features. The large human 
population of those regions is distrib¬ 
uted through the limited valley and 
basin areas among the hills. 

Ice-scoured hill regions. In Chapter 
11, the features of ice-scoured plains 
resulting from ice erosion were de¬ 
scribed. Within the areas of conti¬ 
nental glaciation are hill regions that 
were similarly eroded. The intricate 
patterns caused by previous gullying 
were erased. In their place are found 
rounded features generally devoid of 
pinnacled promontories or sharp con¬ 
tours. Mantle rock was largely swept 
away and replaced by thin, stony 
soils or bare rock. Some of the ice¬ 
shaped hills have steep slopes and 
considerable local relief. Associated 
with the hills are broad, open valleys, 
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Fig. 259. A valley in the glaciated hill region near the Finger Lakes of western New York. The 
hills are ice scoured, but the valley floor is underlain by glacial drift. (Courtesy U. S. Geological 
Survey.) 


usually thin-soiled and boulder- 
strewn. Agricultural land is scant 
and poor, except in areas where con¬ 
siderable glacial drift accumulated. 
Some ice-scoured hills have no agri¬ 
cultural use but are given over 
wholly to timber. In others, meadows 
and pastures occupy the greater part 
of the area, and the slopes and up¬ 
lands bear only poor timber or 
shrubby heath. 

The drainage of ice-scoured hills, 
like that of ice-scoured plains, shows 
abundant evidence of glac ial disturb¬ 
ance. Waterfalls and rapids, large 
and small, interrupt the courses of 
streams. Lakes and swamps also 
abound, even amid the highlands. 
Some are small morainal ponds or 
marshes of temporary nature. Others 
occupy ice-eroded rock basins and 
are beautifully set amid forested 
hills. 


Many ice-scoured hill regions are 
situated in regions of ancient crystal¬ 
line rocks. The more rugged por¬ 
tions of eastern Canada, the Adiron¬ 
dack Mountains, parts of New Eng¬ 
land, the Highlands of Scotland, and 
parts of the ancient highland of 
Scandinavia are examples. They have 
many features in common. With 
some exceptions they are clothed 
mainly with coniferous forests, are 
deeply snow covered in winter, and 
have little agricultural development. 

In such regions, the principal oc¬ 
cupations are (1) pasturing of cattle 
and sheep, (2) the utilization of for¬ 
est resources, (3) the employment of 
water power in the manufacture of 
wood products and paper, and (4) 
the construction and operation of 
resorts that attract thousands of sum¬ 
mer vacationists. 

Ice scour was somewhat different 
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in regions where bedrock differed. In 
the horizontal sedimentary strata of 
western New York, a portion of the 
Allegheny hill region was glaciated. 
Hills were subdued, and valleys were 
partly filled with glacial moraines 
and outwash sediments. Such valleys 



Fig. 260. The Finger lakes in the glaciated hill 
region of western New York. 

are much more suited to agriculture 
(Fig. 259). In several north-south val¬ 
leys south of Lake Ontario, morainal 
dams have obstructed the southward 
flow of preglacial streams and thus 
have created valley lakes which are 
called the Finger Lakes (Fig. 260). 
These long, slender lakes add much 
to the beauty of landscape in western 
New York. 

SUMMARY 

Plateaus are large areas that have 
considerable elevation above sea 


level, usually 2000 feet or more. 
They are of three types: intermon- 
tane, piedmont, and continental. 

The highest plateau in the world 
is Tibet, located north of India. 
Much of Mexico is a plateau. South¬ 
ern Africa provides the best exam¬ 
ple of a large continental plateau. 
The Grand Canyon of the Colorado 
River has been cut in the arid Colo¬ 
rado Plateau of southwestern United 
States. Greenland and Antarctica are 
examples of ice plateaus. 

Hill lands have a local relief of 
some 500 to 2000 feet. The Alle- 
gheny-Gumberland hill region is 
noted for its extensive coal deposits. 
In the Appalachian ridge-and-valley 
region, certain antecedent rivers, 
such as the Susquehanna, have cut 
water gaps through the parallel 
ridges. In the California Coast 
Ranges, much faulting has occurred. 
Some hill regions, such as the Adi- 
rondacks and certain parts of New 
England, have been modified by ice 
scour. 

In most of the continents are to be 
found comparatively small areas 
where the local relief is greater than 
that in hill country. These are the 
mountains of the earth and will be 
considered in Chapter 13. 


QUESTIONS 

1. What are the elevation and local relief of most plateaus? 

2. What is an intermontane plateau? Name and locate seven. Which 
two are the highest? 

3. What is a piedmont plateau? Give two examples. 

4. Patagonia and the Great Plains both lie east of great mountain sys¬ 
tems. How do they differ? 
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5. What mountains partly border the Colorado Plateau? 

6. What is a continental plateau? Name and locate five. Which is largest? 

7. What is the nature of the shoreline of Africa? In what way is it a 
handicap to commercial activities? 

8. Name and locate the great African rivers. In what respect are they 
similar? 

9. What is meant by the cataracts of the Nile? How many are there? 

10. Locate Victoria Falls. By what nver are they formed? How do they 
compare with Niagara Falls? 

11. Mention one or two reasons why Africa was the last of the continents 
to be penetrated by Europeans. 

12. The Colorado plateaus are composed mainly of what rocks? 

13. Locate the Columbia Plateau. It is composed mainly of what rock? 
It is noted for production of what cereal? 

14. What river has cut a canyon in the Columbia Plateau? Where does 
this river originate? Into what river does it empty? 

15* Give four reasons why many plateaus are arid or semiarid. 

16. What are exotic streams. Their valleys in plateaus are usually of what 
topographic age? 

17. What conditions are best for the development of canyons? 

18. Why are canyons not favorable to various means of transportation? 

19. Locate Grand Canyon National Park of the United States. 

20. Where is the source of the Colorado River? Into what body of water 
does it empty? 

21. Describe the walls of the Grand Canyon. How deep is it? How wide? 

22. What principal geological processes were involved in formation of 
the Grand Canyon? 

23. What is a mesa? How is it formed? Where are many mesas located? 
What is an arroyo? 

24. How do buttes differ from mesas? 

25. What is interior drainage? Where is it found in plains? 

26. What basin plateau of the United States has interior drainage? Be¬ 
tween what mountains does it lie? 

27. Why are salt lakes common in interior basins? Give examples. 

28. Locate Lake Titicaca and Lake Utah. Why are they not salt lakes? 

29. What is a playa lake? 

30. With respect to dissection, how do plateaus of humid regions differ 
from those of arid lands? Why? 

31. Name and locate the two great ice plateaus. 

32. Describe briefly the antarctic ice plateau. 

33. Why are icebergs from Greenland a greater menace than those from 
Antarctica? 
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34. What are the three main characteristics of hill lands? 

35. Locate the Allegheny-Cumberland hill region. What is the nature 
of bedrock? of surface drainage? For what natural resource is this region 
noted? 

36. Locate and briefly describe the Ozark hill region. 

37. Locate the Appalachian ridge-and-valley region. By what processes 
were the parallel ridges formed? 

38. What is a water gap? Of what economic importance is it? Name and 
locate four rivers that have formed water gaps in the Appalachian ridges. 

39. What is one explanation offered for the formation of water gaps? 

40. Sketch stream patterns to illustrate dendritic and trellis drainage. 

41. Locate the Tennessee and Shenandoah valleys. For what is each noted? 

42. Locate the crystalline Appalachian highland commonly known as the 
Blue Ridge Mountains. Briefly describe this region. 

43. Discuss the origin of each of the following hill regions: the Black 
Hills; the California Coast Ranges; the central highland of France and Eifel 
of western Germany. 

44. What and where is Mount Capulin? 

45. Where is the most extensive hill region in the world? 

46. Describe the surface of ice-scoured hills. 

47. Is farmland in ice-scoured hills scarce or plentiful? Why? 

48. What is the nature of surface drainage in ice-scoured hills? 

49. Name and locate five regions of ice-scoured hills. What are the prin¬ 
cipal occupations in such regions? 

50. Locate the Finger Lakes. How were they formed? 

SUGGESTED ACTIVITIES 

1. Learn the exact location of the more important places and regions 
mentioned in this chapter. 

2. Contrast in as many ways as possible the Columbia and Colorado 
plateaus of the United States. 

3. Review the reports of expeditions to the antarctic ice plateau. 

4. Study the plateau of Tibet from the standpoint of elevation, climate, 
and drainage. 

5. The region of the Black Hills of South, Dakota is not only interesting 
but of considerable economic importance. A detailed survey of this area 
may be made by studying the geological folio available from the Superin¬ 
tendent of Documents, Washington, D. C. 

6. On a map of the United States, outline, label, and color the plateaus 
and hill regions discussed in this chapter. 

7. Using the Bright Angel, Arizona, quadrangle (U. S. Geological Sur- 
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vey), mold a relief model of the portion of the Grand Canyon shown. Exag¬ 
gerate the vertical scale. If desirable, make the relief model twice the size 

of the quadrangle. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 

1. The Plateau of Tibet 

2. The Plateau of Mexico 

3. The Deccan Plateau of India 

4. The Plateau of Bolivia 

5. The Columbia Plateau of the United States 

6. The Colorado Plateaus of the United States 

7. The Grand Canyon of the Colorado River 

8. The Great Basin of the United States 

9. Water Gaps of the Appalachian Ridges 

10. The Tennessee Valley 

11. The Blue Ridge Region of North Carolina and Virginia 

12. The Adirondacks of New York 

REFERENCES 

Case, Earl C., and Bergsmark, I). R. Modern World Geography, Chap. 25. 
J. B. Lippincott Co., Chicago, 1943. 

Fenneman, N. M. Physiography of Western United States. McGraw-Hill 
Book Co., New York, 1931. 

-. Physiography of Eastern United States. McGraw-Hill Book Co., New 

York, 1938! 

Lobeck, A. K. Geomorphology: An Introduction to the Study of Land¬ 
scapes. McGraw-Hill Book Co., New York, 1939. 

Miller, George }., and Parkins, A. E. Geography of North America, Chap. 

13. 16. John Wiley & Sons, New York, 1934. 



CHAPTER 13. 


Mountains 


Many of the most interesting and 
awe-inspiring features of the earth’s 
surface are exhibited within some of 
the great mountain masses of the va¬ 
rious continents. Especially in high, 
glaciated mountains, features result¬ 
ing from long-continued ice scour 
are sharp and bold; and almost verti¬ 
cal walls of solid rock may rise 
abruptly for several thousand feet. In 
some such localities are to be ob¬ 
served glaciers, or remnants of gla¬ 
ciers, whose melting ice feeds clear, 
sparkling mountain streams which 
cascade over numerous rapids and 
waterfalls. In a single glaciated val¬ 
ley there may be several small, mir¬ 
ror-like lakes whose perfect reflection 
of pine, spruce, and mountaintop is 
the delight of artist and cameraman. 
Truly the scenery of such regions is 
among the most beautiful in the 
world. 

Mountains are the highest lands of 
the earth. In area, they constitute a 
much smaller percentage of the total 
land surface of the continents than 
do plains. Compared with hills, 
mountains are more massive, rugged, 
and complicated. In general, true 
mountains may be considered as hav¬ 
ing a local relief (from the lowest to 
the highest point) in excess of 2000 


feet. This figure eliminates from the 
list of mountain regions many areas 
of rough surface that locally are 
called mountains. 

The greatest mountain mass in the 
world lies in southern Asia, north of 
India. Here, in the Himalayas, rises 
Mount Everest, elevation 29,140 feet, 
the highest mountain in the world. 
Just east of the Philippines is the 
deepest place in the ocean, 35,400 
feet. The vertical distance from the 
top of the highest mountain to the 
greatest depth of the ocean, more 
than 12 miles, is called the total relief 
of the earth. Even this great vertical 
distance, however, is extremely small 
when compared with the earth’s di¬ 
ameter. 

Distribution of great mountains. 

The borders of the Pacific Ocean 
are characterized not only by great 
mountains but also, in places, by 
occasional earthquakes and volcanic 
activity. This suggests a probable re¬ 
lationship between crustal disturb¬ 
ances and mountain growth. A long 
and almost continuous line of moun¬ 
tains extends for thousands of miles 
from Alaska to Cape Horn. Across 
southern Europe and Asia, from 
Spain to French Indo-China, stretches 
another vast area characterized by 
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Fig. 261. Various ways in which mountains may be formed: A, volcanic cone; B, laccolith; C, 
uplifted igneous rock from which the sedimentary rocks have been partly eroded; D, folded 
mountains; E, block mountains caused by faulting. The steep face (E, center) is called the fault scarp . 


great mountains. A glance at the 
map shows that the East Indies not 
only are larger but also are far more 
mountainous than the West Indies. 
Africa, which consists largely of pla¬ 
teau and tableland, has a few small, 
isolated areas of high mountains, es¬ 
pecially in Ethiopia and in the vicin¬ 
ity of Lake Victoria. Australia is 
bordered by hill lands along its east¬ 
ern margin but, like Africa, lacks any 
extensive area of high mountains. 

How mountains are formed. The 
processes by which mountains are 
formed may be summarized briefly 
as follows: (1) Volcanic cones are 
formed by the eruption of great 
quantities of lava, ash, and other 
materials. (2) The uplift of huge 
masses of igneous rocks, especially 
granite, gives rise to many moun¬ 
tains. Some laccoliths form dome 
mountains, for example, the Henry 


Mountains of Utah. (3) Folding may 
cause rock strata to be bent upward 
several thousands of feet. (4) Some 
block mountains are caused by fault¬ 
ing; the uplifted block of rock usu¬ 
ally has on one side a steep face 
called a fault scarp and on the other 
a more gently sloping surface (Fig. 
261). 

Classes of mountain features. The 

processes just described have pro¬ 
duced mountain uplifts of many 
shapes, sizes, and arrangements. 
These are attacked by wind, water, 
and ice, even as they grow, and are 
carved into equally varied features. 
The more important features may 
be defined. 

1) Peaks are the highest points in 
a mountain mass. 

2) A range is a somewhat continu¬ 
ous arrangement of peaks, ridges, 
and valleys. 
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3) A system is a group of moun¬ 
tain ranges. 

4) A cordillera is a large regional 
grouping of mountain systems. 

5) A volcanic cone is a lorm of 
mountain peak that in some cases is 
entirely isolated from a range or 
system. 

Cordilleran regions. Most of the 
great mountains of the earth are 
found in four cordilleran regions. 
They are (1) the North American 
cordillera, which includes the Rocky 
Mountain system, the Sierra Madre 
in Mexico, the Basin Ranges, the 
Alaska-Rritish Columbia Coast 
Mountains, the Cascade-Sierra Ne¬ 
vada systems, and the Coast Ranges 
of the United States; (2) the cordil¬ 
lera of the Andes; (3) the cordillera 
of southern Europe, which includes 
the Carpathians, the Alps, the Pyre¬ 
nees, and the mountains of Spain 
and northern Africa; (4) the Asian 
cordillera, which is comprised of the 
Himalaya, Kunlun, Tien Shan, 
Hindu Kush, and the Pamirs, to¬ 
gether with the Caucasus Mountains 
and other smaller ranges. The ar¬ 
rangement of these mountains should 
be studied with the aid of an atlas. 

In these great mountain masses, 
faulting, earthquakes, and volcanic 
activity frequently occur. This indi¬ 
cates that many, if not most, of them 
are young and even now in the proc¬ 
ess of growth. In other parts of 
the same continents certain ancient 
mountains, now reduced by erosion, 
indicate the existence of other cordil¬ 
leran groups in earlier periods of 
earth history. 


Mountain systems are important 
elements of environment. They may 
act as barriers to the movements of 
people. They affect human life in¬ 
directly through their influence on 
climate. The effectiveness of moun¬ 
tain barriers depends largely upon 
the height, continuity, number, and 
arrangement of the mountain forms. 
Perhaps the most notable of these 
barriers is that formed by the Andes 
Mountains of South America, which 
make a natural boundary between 
Chile and Argentina. A railroad was 
built across this highland from 
Buenos Aires to Valparaiso at enor¬ 
mous expense. Another good exam¬ 
ple of a mountain boundary is that 
formed by the Pyrenees between 
France and Spain. 

Mountain ranges. Some mountains 
consist of roughly parallel ranges. In 
many cases the ridges are formed of 
more or less continuous masses of 
resistant rock. Certain ranges that 
trend from north to south in the 
Rocky Mountains show a somewhat 
parallel arrangement. Between the 
front, or eastern range, of the Rockies 
in Colorado and those farther west 
are broad basins, called parks, some 
8000 to 9000 feet above sea level 
(Fig. 262). 

About 100 miles west of Colorado 
Springs is the great Sawatch Range 
in which are several magnificent 
peaks such as Mount Harvard, Mount 
Princeton, and Mount Yale. During 
the summer months thousands of 
sheep graze on these high mountain 
tops where the cooler weather causes 
the lambs to mature rapidly and 
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Fig. 262. Index map of the southern Rocky Mountain province. (Drawn by Guy-Harold Smith. 
From "Physiography of Western United States," by N. M. Fenneman, McGraw-Hill Book Co.) 
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Fig. 263. Yosemite Valley, in Yosemite National Park, California, is a glaciated valley. Some of 
the huge granite mountains rise 3000 feet above the valley floor. (Courtesy U. S. Department 
of the Interior.) 


to put on heavier coats o£ wool. 
Throughout the Rockies many names 
are applied to individual ranges, and 
this also is true of other mountain 
systems. 

The Sierra Nevada of California 
are block mountains. They form a 
range some 400 miles in length. The 
steep face of the block, or fault scarp, 
faces the east, or the state of Nevada, 
and in places is 2 miles high. The 
more gently sloping surface faces the 
west and provides abundant supplies 
of water for the irrigation of the 
numerous alluvial fans along the 
eastern side of the Great California 
Valley. Glaciers and streams have 
deeply eroded the higher portions of 


this range. One of the canyons is the 
famous valley of Yosemite National 
Park, located almost due east of San 
Francisco (Fig. 263). 

The bold, west-facing front of the 
Wasatch Mountains, just east of 
Great Salt Lake, Utah, is likewise the 
result of the breaking and slipping 
of huge masses of rocks. This western 
slope, like that of the Sierras, pro¬ 
vides irrigation water for the alluvial 
deposits at the base of the mountains. 
These irrigated slopes form a highly 
productive region which extends for 
many miles north and south of Salt 
Lake City. Some of the many Basin 
Ranges in Utah and Nevada also are 
eroded fault blocks. They show a 
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general north-south arrangement and 
often are separated by interior basins. 

Certain mountain ranges are 
largely composed of materials erupted 



Fig. 264. A giant eruptive cloud above Colima 
Volcano, Mexico. (Photograph by Jos6 Maria 
Arreola .) 


from beneath the earth’s surface. 
The volcanic cones thus formed 
sometimes are arranged in a more 
or less straight line, and the ranges 
thus formed may be considered vol¬ 
canic, even though they rest upon 
rocks of greater age. The islands of 
Java and Sumatra and others of the 
East Indies are of that origin. Sev¬ 
eral of the principal peaks, such as 
, Mount Baker, Mount Rainier, and 
Mount Hood, and many of the lesser 
ones of the Cascade Mountains in 
Oregon, Washington, and British 
Columbia also are volcanic cones 
roughly arranged in this manner. 

Volcanic cones. The general distri¬ 
bution of volcanic regions was noted 
in Chapter 8. In these regions are to 
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be found both active volcanoes and 
many volcanic cones built during for¬ 
mer periods of activity (Fig. 264). 
Some of the great volcanoes are sur¬ 
rounded by lesser cones and also by 
mountain peaks carved by erosion in 
the massive uplifts of which the vol¬ 
canoes are a part. Others stand alone 
upon lowlands and are noted for 
their beauty of form. The volcano 
Fuji, which is not now active, is lo¬ 
cated in Japan. This high peak rises 
over 12,000 feet above the sea and is 
a more striking landscape feature be¬ 
cause it attains its full height within 
15 miles of the sea (Fig. 265). 

Other cones of great summit ele¬ 
vation are less conspicuous because 
they are located in highland regions. 
Some volcanic peaks of great fame 
and beauty are Mount Egmont, not 
active, in New Zealand; Mount 



Fig. 265. The symmetrical cone of Fuji Mountain 
near Tokyo, Japan, rises more than 12,000 
feet above Suruga Bay and its bordering al¬ 
luvial plains. (Photograph by H. Suito.) 

Mayon, in southern Luzon; Mount 
Etna, in Sicily; and Mount Vesuvius, 
near Naples, Italy. Such famous 
American volcanic cones as Rainier, 


312 THE EARTH AN 

Hood, Shasta, Popocatepetl, and 
Chimborazo (with an elevation of 
20,700 feet) are much higher than 
Fuji but are not more inspiring 
sights. The Hawaiian cones reach 
elevations of between 10,000 and 
14,000 feet above sea level. 

Most volcanoes are composed of 
layers of lava interbedded among 
layers of ash and other forms of vol¬ 
canic products erupted at different 
times. The layers are penetrated by 
dikes of lava which arise from the 
central duct. Through some of the 
crevices thus opened, materials reach 
the surface and form secondary, or 
parasitic, cones upon the sides of the 
principal one. 

Certain long-extinct volcanoes, 
like Mount Shasta and Mount Rain¬ 
ier, have their flanks deeply scarred 
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by glacial and stream erosion (Fig. 

266) . On the flanks of Mount Rainier 
are to be found the longest valley 
glaciers in the United States (Fig. 

267) . 

The vent through which the vol¬ 
canic products are erupted is called 
the crater. Craters differ greatly in 
form. Some are small and funnel- 
shaped; others are of considerable 
diameter. Certain large craters, called 
calderas , are believed to be the re¬ 
sult of the sinking in or subsidence 
of the top of the cone, caused by 
withdrawal of lava from beneath. 
Crater Lake, in the Cascade Moun¬ 
tains of Oregon, occupies such a 
caldera (Fig. 268). The lake is 4 to 
5 miles in diameter and almost 2000 
feet deep. Near the west margin is 
Wizard Island, a perfect volcanic 



Fig. 266. Mount Shasta, snow-capped landmark of northern California, rises 14,161 feet above 
sea level. Melted snow from this peak is the principal source of water for the Sacramento River. 
A great dam has been built on this river under supervision of the Bureau of Reclamation. It 
impounds waters of the Sacramento, Fit, and McCloud rivers. The dam, named Shasta, aids 
navigation and Rood control. Much of the impounded water is used for irrigation. (Courtesy U, 5. 
Bureau of Reclamation.) 
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Fig. 267. Emmons Glacier, on the eastern slope of Mount Rainier, Washington. This is the largest 
glacier in continental United States. Much larger and longer glaciers are found in Alaska. 
(Courtesy U. S. Department of the Interior.) 


cone with a small crater in its top. noisy and turbulent as they tumble 
Because of its great beauty, Crater downward. Their courses in many 
Lake has long been one of the na- instances consist of almost continu- 
tional parks. ous rapids and small waterfalls. 

These streams are the home of moun- 

STREAM EROSION OF MOUNTAINS tain trout - 

Because of high velocity, it is 
Valleys. Mountain streams gener- evident that downward erosion by 
ally have high velocities. The water mountain streams will be more rapid 
is usually clear, except after heavy than side cutting. The result is the 
rains. Especially in their lower formation of many V-shaped valleys, 
courses, such streams have consider- Where rocks are resistant, the valley 
able eroding power because of greater walls may be steep and close together, 

volume and because of the sand and forming a gorge, or canyon (Fig. 

gravel that are rolled along the 269). Examples of the narrow and 

stream bed. Unlike the quiet streams steep-sided type of valley are pro¬ 

of plains, those in mountains are vided by the Royal Gorge of the 
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Fig. 269. One of the high peaks in the Andes Mountains of Chile, South America. Note the steep¬ 
sided, V-shaped valleys so typical of mountain regions. When such valleys are unusually deep 
and narrow, they are called canyons. Smooth, uniform slopes in this picture give evidence of 
rock slides. Chile, like Japan, is a country with high mountains located a relatively short distance 
from extremely deep water offshore. (Courtesy Pan American-Grace Airways, he.) 
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Fig. 270. A rough mountain region in Peru, South America. The crest of each ridge constitutes 
a divide. Note how numerous small valleys lead to larger valleys. The smooth divides shown 
here were produced mainly by water erosion. They contrast sharply with the steep-sided divides 
characteristic of glaciated mountains pictured in Fig. 281. Scarcity of trees in these Peruvian 
mountains is indicative of light rainfall. On the right side of the picture, following a crooked 
valley, may be seen the Great Wall of Peru. (Courtesy Pan American World Airways.) 

Arkansas River and several other and other cities located along the 
canyons that cut through the front eastern base of the Rockies, 
range of the Rocky Mountains in In some places, a fairly broad 
Colorado. These particular valleys mountain valley may change sud- 
are of importance especially in three denly to a narrow gorge. Such a 
ways: (1) They provide the routes of gorge is sometimes used as a site for 
a number of roads that penetrate the the economical construction of a 
mountains. (2) Their streams pro- dam to impound water in a great 
vide the all-important water that is reservoir. An excellent example of 
needed to irrigate the plains imme- such construction is the Shoshone 
diately east of the mountains. (3) Dam, west of Cody, Wyoming. 
Dams built across the valleys provide Where the Shoshone River flows 
storage water for several hydroelec- through an extremely narrow can- 
tric plants which furnish power for yon, one of the highest dams in the 
Denver, Colorado Springs, Boulder, world has been built. The waters im- 
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pounded are used for irrigation in 
the Big Horn basin, which lies be¬ 
tween the Big Horn Mountains on 
the east and the Absaroka Range on 
the west. 

In many mountain valleys there 
are waterfalls of considerable size. 
Such falls often are suitable sites for 
the location of hydroelectric plants. 
In the Cascade Mountains, numerous 
streams with falls and rapids result 
from abundant precipitation. These 
mountains are noted for their tre¬ 
mendous potential, or “stored-up,” 
water power. 

Divides. Between mountain valleys 
are uplands which are the remnants 
of the original elevation. When rain 


falls on these uplands, the water sep¬ 
arates according to the surface slopes 
and descends by countless rivulets 
into adjacent valleys. These rivulets 
are tiny tributaries of a large drain¬ 
age system. A crooked line that con¬ 
nects the highest points between two 
drainage systems is called a divide 
(Fig. 270). 

Divides are not limited to moun¬ 
tains. They are present also in plains, 
plateaus, and hill regions. Some di¬ 
vides are more conspicuous than 
others. The continental divide of 
the United States follows the Rocky 
Mountains from north to south, pass¬ 
ing through western Canada and the 
states of Montana, Idaho, Wyoming, 



Fig. 271. Brown Pass, in Glacier National Park, viewed from a higher pass. The saddle shape of 
this notch is distinct. The white arrow point touches the crest of the pass, which also is a part 
of the continental divide. (Courtesy National Park Service.) 
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Fig. 272. A view of the Rocky Mountains west of Denver, Colorado. At the lower right is the 
entrance to the Moffat Tunnel (elevation about 9000 feet) which passes under the continental 
divide. The trees are coniferous, mainly pine and spruce. The timberline can be clearly traced 
across the center of the photograph. The upper slopes of these mountains exhibit features 
resulting from glacial erosion and deposition. (Courtesy Denver and Rio Grande Western Railroad .) 


Colorado, and New Mexico, and 
southward through Mexico. It sep¬ 
arates waters that flow ultimately to 
the Atlantic and Pacific oceans. 

In places, this divide is unusu¬ 
ally high; and its lowest points, 
called passes, must be utilized by 
transportation routes. Such passes 
often are the result of vigorous ero¬ 
sion by opposing headwater streams 
or by glaciers (Fig. 271). 

West of Denver, Colorado, where 
the continental divide is crossed by 


U. S. Highway 40 at Berthoud Pass, 
the elevation is over 11,000 feet. Not 
far from this pass is the Moffat Tun¬ 
nel, 6 miles long and about 9000 
feet in elevation (Fig. 272). By using 
the tunnel, trains between Denver 
and Salt Lake City are saved the slow 
and expensive climb over the con¬ 
tinental divide. Paralleling and only 
a few feet from the Moffat Tunnel is 
another one of much smaller size 
(Fig. 273). It is used during a part 
of the year to conduct water from 
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Fig. 273. The east end of the water tunnel that parallels the Moffat Tunnel west of Denver, 
Colorado. Water flows from the western to the eastern slopes of the Rockies through this tunnel 
and ultimately reaches Denver. (Photograph by M. H. Shearer .) 



Fig. 274. The Cascade Tunnel, more than 7 miles long, is located in the Cascade Mountains 
east of Seattle, Washington. The Pacific Northwest is noted for Its great water-power resources. 
The water power is employed to generate electric energy, part of which is used by railroads. 
(Courtesy Great Northern Railway.) 
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the western slope of the Rockies to 
the eastern slope. This water is con¬ 
veyed to the city of Denver for do¬ 
mestic and commercial use. 

The longest railway tunnel in 
North America is the Cascade Tun¬ 
nel on the Great Northern Railway 
about 75 miles east of Seattle, Wash¬ 
ington (Fig. 274). It was built at a 
cost of 14 million dollars, is more 
than 7% miles long, and is cut 
through a portion of the Cascade 
Mountains. Available hydroelectric 
power makes it possible to use elec¬ 
tric locomotives in the Cascade Tun¬ 
nel. This eliminates the considerable 
expense of continually blowing 
smoke out of the tunnel, which is 
necessary at the Moffat Tunnel. The 
Cascade Tunnel is about 2800 feet 
above sea level, whereas the Moffat 
Tunnel is over 9000 feet. In the Alps 
the famous St. Gotthard and Sim¬ 
plon tunnels, both longer than the 
Cascade Tunnel, are used by railway 
lines between Switzerland and Italy. 

Mountain peaks. Mountain peaks 
are the distinguishing features of 
mountain uplands. Their varied 
forms hold much of the attractive¬ 
ness of mountain scenery. Some 
mountain peaks are the result of 
faulting, and many are volcanic 
cones. By far the greater number of 
the countless peaks of the earth, how¬ 
ever, are the result of erosion in the 
upland of which they are a part. 
Owing to superior resistance, to con¬ 
ditions of structure, to accident of 
position, or to other causes, peaks 
have been protected from erosion 


while adjacent rocks have been re¬ 
duced to lower levels. Well-known 
Pikes Peak, near Colorado Springs, 
and Longs Peak, in Rocky Mountain 
National Park, are examples of this. 
It is a rather remarkable fact that 
all the highest peaks in the United 
States are between 14,000 and 14,500 
feet in elevation. 

GLACIAL EROSION OF MOUNTAINS 

High mountains, even in the 
tropics, project above the line of 
perennial snow. Others, not so high, 
were snow-capped during the most 
recent glacial period. So common are 
the forms of mountain glaciation 
that they have greatly influenced 
popular ideas concerning the fea¬ 
tures of mountains in general and of 
the grandeur of mountain scenery. 
The snow-capped peak, the ice-filled 
valley, and the carvings and fillings 
of former glaciers attract and inspire 
the mountain visitor as other kinds 
of mountain features cannot. 

Even to the casual observer, two 
“lines,” often well defined, may be 
observed in high mountains. Ascend¬ 
ing the mountain slope, the first en¬ 
countered is the timber line , which 
is the upper limit of tree growth. 
The next is the snowline , which is 
the lower limit of perennial snow. 
Above the snowline are snow fields 
and glaciers. Some valley glaciers, 
however, extend below both the 
snowline and the timberline. 

Mountain snow fields. Snows are 
common to all high mountains. In 
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Fig. 275. A mountain glacier and its snow fields. Crevasses are visible in the nearer ice. Ridges 
of lateral moraine flank the ice tongue, and moraine streaks its surface. (Ewing Galloway.) 


middle and high latitudes, the sea¬ 
sonal alternation from winter white 
to the variety of warm-season colors, 
produced by rocks and vegetation, 
works a profound change in the land¬ 
scape. The snows of many mountains 
are, however, permanent. They owe 
their preservation to the decrease of 
temperature with altitude. 

The snowline in the tropics is 
high, but in subpolar regions it ap¬ 
proaches sea level. It is lower on 
shady than on sunny mountain 
slopes. In regions of similar tempera¬ 
ture, the snowline is lower where 
snowfall is abundant and higher 
where it is not abundant. If these 
variations are allowed for, it may be 
said that the lower limits of snow 
fields are as follows: in the tropics, 
14,000 to 20,000 feet above sea level; 


in the middle latitudes, 5000 to 
10,000 feet above sea level; in the 
subpolar regions, 0 to 2000 feet above 
sea level. 

Barring certain exceptions caused 
mainly by climatic conditions, the 
following rule holds true: As latitude 
increases, timberline and snowline 
decrease in elevation . 

Mountain glaciers. Apart from the 
mountain forms caused by their ero¬ 
sion, mountain glaciers are them¬ 
selves important relief features. Fed 
by frequent snowfall, a highland 
snow, field becomes heavy. Portions 
of it slip and plunge by avalanche 
into the nearest valley head (Fig. 
275). There the deepening mass 
changes, first into granular ice, then 
by melting and refreezing into solid 
ice. 
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Ultimately, however, the main ac¬ 
cumulation in a valley head grows to 
such proportions that, under its own 
weight, it moves. In the form ot an 
ice tongue, it pushes down its valley 
and becomes a valley glacier. It pro¬ 
gresses in its own peculiar way, its 
lower edge melting and providing 
water for a mountain stream. In its 
course, the surface of the ice under¬ 
goes considerable change. Irregulari¬ 
ties of the valley floor bend and twist 


the solid ice. This causes the ice to 
break, forming deep cracks, or cre¬ 
vasses. 

Rock waste accumulates along the 
sides of the glacier to form lateral 
moraines. Where two valley glaciers 
join, a streak of rock waste may mark 
the center line along which the two 
ice tongues meet. 

At the lower end of the glacier, 
wastage by melting is rapid. Here 
the rock waste carried and pushed 
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along by the ice accumulates, in 
some cases, to such an extent that the 
ice is covered. This material forms 
an end moraine. When the glacier 




Fig. 277. The formation of hanging valleys. In 
A, glaciers are shown occupying all valleys. 
Glacial erosion is more effective in deepening 
the main valley than the tributary valleys. In B, 
the ice has disappeared. Two hanging valleys 
and waterfalls are to be seen on the far wall of 
the main valley. Waterfalls developed in this 
manner sometimes make advantageous sites for 
the building of hydroelectric plants. 

disappears, this end moraine appears 
as a ridge across the valley. Some 
mountain valleys, formerly occupied 
by valley glaciers, now exhibit sev¬ 
eral such end moraines, a few of 
which may form natural dams. 

Certain valley glaciers, especially 
those of coastal mountains in high 


latitudes and in regions of marine 
west-coast type of climate, are so 
abundantly provided with snow that 
the ice tongues extend to the sea. 
This is notably true at present of a 
part of the coast of Alaska (Fig. 276), 
and it has been true of more ex¬ 
tended coasts in the past. Sometimes 
great masses of ice break off from the 
front edge of the glacier and float 
away as icebergs. Some glaciers, like 
those which descend from the ice 
plateaus of Greenland and Antarc¬ 
tica, are the source of many icebergs. 

Glaciated mountain valleys. The 
typical ice-scoured valley is deepened, 
its sides are made steeper, and its 
bottom widened and broadened. 
Compared with the stream-eroded 
valley, it is U-shaped rather than 
V-shaped. Ice scour tends to smooth 
and straighten the valley. 

Glaciated valleys seldom have a 
continuous, uniform slope down¬ 
ward from the valley head. The gla¬ 
cier gouges basins in the valley bot¬ 
tom which become the sites of small 
lakes when the ice disappears. In ad¬ 
dition to these basins, others are 
formed by morainal dams across the 
valley. Most glaciated valleys have 
one or more such basins, and some 
have a succession of them. In these 
basins, water collects to form lakes, 
ponds, or marshes. 

In valleys of flat gradient, espe¬ 
cially near the margins of mountain 
regions, glacial deepening and mo¬ 
rainal dams are capable of providing 
basins of large size. The basins of the 
beautiful Lakes Maggiore, Como, 




MOUNTAINS 


323 


' «* 


1th> 



Fig. 278. The glaciated Torngat Mountains of Labrador. A long ice-scoured valley curves into 
the distance where it is flanked by cirques. Other cirques are to be seen at the right center 
and in the background. An alluvial delta fan and lake are visible in the foreground. (Ewing 
Galloway .) 

and Garda at the southern base of appear as notches upon the side of 
the Alps are of that origin. So are the wall of the steepened main valley 
those of several long lakes in Glacier and are called hanging valleys (Fig. 
National Park, Lake Louise in the 277). 

Canadian Rockies, and many lakes The streams issuing from hanging 
in the Andes of southern Argentina, valleys must plunge in rapids or 

In the process of glaciation a main waterfalls to reach the main valley 

valley may be more deeply eroded floor. Falls of this kind are of great 

than its tributary valleys. After the scenic attraction. Examples are the 

withdrawal of the ice from the re- falls of Yosemite Valley, California, 

gion, the level of the main valley and many others in the Rocky Moun- 
floor may lie tens or even hundreds tains, Switzerland, Norway, and 
of feet below the ends of its tributary other regions of mountain glacia- 
valleys. These tributary valleys then tion. They also are most convenient 
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Fig. 279. Grinned Lake and Glacier in Glacier National Park, northwestern Montana. The ice 
occupies the lower portion of a large cirque. Streams cascade down from the glacier to the lake. 
The sharp, bold mountain features were produced by glaciation. (Photograph by Hileman, courtesy 
Great Northern Railway .) 


places for the development of water 
power. Even a small stream, with so 
great a fall as some hanging valleys 
provide, can develop an astonishing 
quantity of power. 

The valley head, in a region of 
mountain glaciation, is the collecting 
ground for the snow that crystallizes 
into a glacier. Erosion beneath the 
forming ice broadens and sharply 
steepens the valley head until it is 
rounded, steep-sided, and amphi¬ 
theater-shaped. It is called a cirque 
(Figs. 278 to 280). In the bottom of 
many cirques are rock basins con¬ 
taining lakes. These add beauty to 
this huge erosional feature with its 


steep rock walls. Hundreds of such 
cirques, large and small, may be ob¬ 
served in the glaciated mountain re¬ 
gions of North America, Europe, 
Asia, South America, and New 
Zealand. 

It should be emphasized that gla¬ 
ciated mountains exhibit features 
with much sharper detail than those 
resulting from stream erosion (Fig. 
281). jGlacial scour may produce a 
“knife-edge” divide. So close is the 
approach of some opposing cirques 
that in places the thin divide be¬ 
tween them crumbles through, leav¬ 
ing the crest merely a row of alter¬ 
nating pinnacles and notches. The 


MOUNTAINS 


325 



Fig. 280. Scenery of glacial origin in the Canadian Rockies. At the right is a cirque lake. Its 
drainage falls to the level of the second lake, and from that it must fall far below to the level 
of Lake Louise, part of which may be seen at the left in the main valley. (Photograph by De Cou, 
from Ewing Galloway.) 


Garden Wall in Glacier National 
Park is such a formation, and it hap¬ 
pens also to be the continental divide. 
Some high mountain peaks, their 
bases whittled by ice erosion, are re¬ 
duced to sharpened remnants. They 
commonly appear steep and angular. 
A good example is the Matterhorn 
in the Alps. 

The Rocky Mountains. By studying 
the composition, fossil content, struc¬ 
ture, and position of many rock lay¬ 
ers and formations, geologists are 
able to trace earth history with con¬ 
siderable accuracy. Downwarping of 
a continent will permit the sea to 
invade the land; upwarping will 


bring the ocean floor above sea level, 
or even result in formation of great 
dome mountains. 

In his excellent book on geo¬ 
morphology, Dr. Philip Worcester, 
of Colorado University, states that, 
in one period of earth history, the 
area now occupied by the southern 
Rockies (mainly Colorado) was cov¬ 
ered by the sea for some 60 to 70 mil¬ 
lion years. 1 During this time sedi¬ 
ments more than a mile thick were 
deposited. Then came uplift of the 
continent, placing these sediments 

1 Philip G. Worcester. Textbook of Geo¬ 
morphology, pp. 540-552. D. Van Nostrand 
Co., New York, 1939. 



Fig. 281. The rugged, glaciated Sierra Nevada, in Yosemite National Parle. Glacial erbsion on 
opposite sides of a rocky ridge produces a saw-tooth divide. The steep slopes shown here are 
in contrast to the more gentle slopes of water-eroded mountains. (Courtesy U. S. Department of 
the Interior.) 

far above sea level, where they have glacial scour and deposition are 
been subjected to erosion for mil- found in abundance in the Rockies, 
lions of years. Folding and faulting of the rocks 

Also in the geological past, there also occurred. Faulting produces 
was much volcanic activity in the many openings in bedrock. In time, 
southern Rockies. As a result, in these openings may be filled partially 
the San Juan Mountains of southern or entirely by mineral deposits re- 
Colorado there were formed large suiting from solution and deposition 
areas of extrusive volcanic rocks. At by circulating underground water, 
a later period came extensive glacia- In the southern Rockies are many 
tion, when thousands of square miles mines that produce a variety of min- 
of the high mountainous area were erals.. 

covered by ice sheets. One valley gla- At the present time, Colorado has 
cier in the San Juans was about 40 far more high mountain peaks than 
miles long. These numerous glaciers any other state. About 50 peaks 
have disappeared, and today only a tower more than 14,000 feet above 
few small ones are to be observed. sea level, and about 300 reach an 
The many interesting features of elevation of more than 13,000 feet. 
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Value of mountains. The narrow 
valleys, steep slopes, and thin soils 
of mountain regions are not favor¬ 
able to dense human habitation. On 
the other hand, mountains are valu¬ 
able to mankind in many ways: (1) 
The great expanses of grassy slopes 
serve as grazing lands. (2) The abun¬ 
dant precipitation in many moun¬ 
tains creates streams whose waters 
may be used for irrigation or power 
(see Chapter 15). (3) The forests of 
certain mountains provide excellent 
sources of lumber (see Chapter 16). 
(4) The complicated structure of 
mountains is largely responsible for 
the formation of valuable ore de¬ 
posits (see Chapter 18). (5) Moun¬ 
tains adjacent to great centers of 
population on plains attract many 
vacationists, especially in summer. 
The reasons for such attraction are 
the cooler climates at higher eleva¬ 
tions, the variety and beauty of scen¬ 
ery, and mountain sports of various 
kinds. 


SUMMARY 

True mountains may be consid¬ 
ered as having a local relief of 2000 
feet or more. A group of mountain 
systems is called a cordillera . One 
system, such as the Rockies, consists 
of many ranges. Mountains may be 
formed by uplift of great masses of 
igneous rocks, by volcanic activity, 
by folding, and by faulting. Moun¬ 
tains sometimes serve as natural 
boundaries between countries. They 
often contain rich mineral deposits. 
They are eroded by streams and gla¬ 
ciers. On some high mountains both 
timberline and snowline may be ob¬ 
served. 

In the preceding chapters we have 
given our attention mainly to the 
lithosphere, or the solid rock crust 
of the earth, and its covering of 
mantle rock. In Chapter 14 we shall 
consider the hydrosphere, or the gi¬ 
ant oceans that cover so much of the 
earth’s surface. 


QUESTIONS 

1. In general, what may be considered the local relief in true mountains? 

2. What is the total relief of the earth? How is it calculated? 

3. Locate Mount Everest. What is its elevation above sea level? 

4. Locate the East and West Indies. Name several islands in each group. 
Compare the two groups with respect to height and area of mountain masses. 

5. Explain and diagram the four principal ways in which mountains are 
formed. 

6. Define the five major classes of mountain features. 

7. Name and locate four principal cordilleran regions. 

8. Why are mountain systems sometimes important elements of environ¬ 
ment? 

9. In the Rockies, where is the front range? the Sawatch? Why are 
huge flocks of sheep taken to the mountaintops for the summer months? 
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10. Describe the Sierra Nevada Range. Which slope, east or west, re¬ 
ceives the heavier precipitation? Why? What use is made of the water of 
numerous streams? 

11. Where are the Wasatch Mountains? How were they formed? Surface 
streams are used to irrigate what area? 

12. Locate Java and Sumatra. How were these mountainous islands 
formed? 

13. Locate Mount Baker, Mount Rainier, and Mount Hood. Explain 
how they were formed. 

14. The only active volcanic: mountain in the United States is Mount 
Lassen. Exactly where is it? 

15. Why are some volcanic cones more conspicuous features of the land¬ 
scape than others? Give an example. 

16. Name and locate 10 volcanic peaks. 

17. Explain what is meant by a parasitic cone. 

18. What is a crater? a caldera? How are calderas thought to have been 
formed? 

19. Locate and briefly describe Crater Lake. 

20. Contrast mountain streams with those of plains. 

21. What is the characteristic shape of stream-eroded mountain valleys? 
Why? 

22. Locate the Royal Gorge. By what river has it been eroded? What 
uses are made of some valleys in the front range of the Rockies? 

23. What is the advantage of the location of Shoshone Dam? The im¬ 
pounded water is used for what purpose? 

24. What is meant by “the Cascade Mountains are noted for their tre¬ 
mendous potential water-power resources’? 

25. Define divide . Where is the continental divide of the United States? 

26. Mention several ways in which the continental divide of South Amer¬ 
ica differs from that of North America. 

27. Why cannot the Appalachian divide be called a continental divide? 

28. In what country is the divide between the Danube and Rhine rivers? 

29. What is a mountain pass? In what ways may mountain passes be 
formed? What use is made of them? Give an example. 

30. Where is the Moffat Tunnel? Why was it constructed? What is the 
purpose of the water tunnel that parallels the railway tunnel? 

31. Using a map of Switzerland, determine the exact location of the 
St. Gotthard and Simplon tunnels. Why were they constructed? 

32. Most mountain peaks are a result of what process? 

33. Locate Pikes Peak and Longs Peak. Hbw high are they? 

. 34. What is the range of elevation of the highest peaks in the United 

States? 
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35. What is the timberline? the snowline? 

36. How does increase in latitude generally affect the snowline? Why? 

37. Describe the origin of a valley glacier. 

38. Where do lateral moraines form? end moraines? How do end mo¬ 
raines appear when the glacier has disappeared? 

39. Account for the fact that many valley glaciers in Alaska extend to 
the sea. Jn what two localities do similar glaciers produce great icebergs? 

40. How are valleys changed by glacial erosion? 

41. In what two ways are lake basins formed in a glaciated valley? 

42. The glaciers on Mount Rainier are much larger than those in Glacier' 
National Park. Explain why. 

43. Only a few small glaciers exist today in the Rocky Mountains of 
Colorado. Explain. 

44. Why are glaciers in the Alps much larger than those in the Rocky 
Mountains of the United States? 

45. Why arc there no glaciers in some high mountains? Give an example. 

46. Explain how hanging valleys are formed. Why are they of economic 
importance in some localities? 

47. Locate Yosemite Falls. If possible, study a topographic map of the 
Yoscmite Valley to determine the height of the falls. 

48. What is a cirque? How is it formed? If possible, study topographic 
maps of Rocky Mountain and Glacier national parks. You will find that 
many cirques, large and small, arc clearly shown. 

49. How do the features of glaciated mountains differ from those pro¬ 
duced by stream erosion? 

50. Would you expect weathering to be more or less rapid in glaciated 
than in stream-eroded mountains? Why? 

51. Summarize five steps or stages of development in the history of the 
southern Rocky Mountains. 

52. Mention several ways in which mountains are of value to man. 

SUGGESTED ACTIVITIES 

1. On a map of the world, locate and label 15 mountain systems. Label 
a number of the highest peaks in the world, noting the elevation of each. 

2. On a map showing many rivers in western United States, draw the 
continental divide. Name the states and national parks through which it 
passes. On the same or a similar map, trace the Appalachian divide. 

3. Sketch a large map of Switzerland. Label the larger glacial lakes, the 
important railway tunnels, and other features of interest. 

4. Plan a trip during which you would visit Glacier, Yellowstone, and 
Rocky Mountain national parks. Make a list of the interesting features that 
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you would want to observe. Do the same for a trip that would include the 
Sierra Nevada and Cascade Mountains. 

5. Secure post route maps of several western states from the Superin¬ 
tendent of Documents, Washington, D. C. These are large maps and are 
reasonable in price. They can be used for many purposes. On the map of 
Colorado, for example, color the national parks. Use a method to emphasize 
the interesting mountain features of the state. Draw a heavy red line over 
highways that would enable you to visit most of the designated places. 

6. Learn to locate exactly every mountain system, range, peak, or other 
feature mentioned in this chapter. 

7. Using the Mount Shasta, California, quadrangle (U. $. Geological 
Survey), make a profile drawing of a typical volcanic cone. 

8. Using a contour map of Crater Lake, Oregon, and proper molding 
materials, make a relief model of the region. 

9. Make a rough relief model of Mount Rainier (use contour map). 
Paint the glaciers white and the mountain slopes green. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 

1. Rocky Mountain National Park 

2. Mount Rainier National Park 

3. Glacier National Park 

4. Yosemite National Park 

5. Crater Lake National Park 

6. The Royal Gorge of the Arkansas River 

7. The Shoshone Dam and Irrigation Project 

8. Volcanic Cones of the United States 

9. Mountain Ranges as Boundary Lines 

10. The Canadian Rockies 

11. The Sierra Nevada 
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CHAPTER 14. 


Oceans and Their Shores 


It was noted in Chapter 9 that the 
oceans occupy about 71 percent of 
the surface of the earth. They are so 
unsuited to human habitation that 
they are, in a sense, great deserts. 
However, they are both interesting 
and useful to man in many ways. 

Sometimes the ocean surface is 
smooth and inviting; sometimes its 
great waves are extremely danger¬ 
ous. Yet man has long since learned 
to conquer these and to make use of 
the oceans as convenient avenues of 
transportation rather than to accept 
them as permanent barriers between 
the continents. Ships now move 
freely over the important lanes of 
ocean traffic. Airplanes seek the 
shortest routes between seaports or 
make use of intervening islands as 
landing bases. 

The climatic effects of the ocean 
and the actual resources of the sea 
and its shores are of great economic 
importance. Ocean water contains a 
vast assortment of animal life. 
Strange, highly colored, phosphores¬ 
cent fish occupy the ocean depths. In 
the surface waters are larger marine 
animals, including many fish of great 
value as human food. These re¬ 
sources are treated more fully in 
Chapter 18. 


The shores of the oceans also vary 
greatly in their usefulness to man. 
Some are regular in outline and 
often are bordered by shallow wa¬ 
ter, which makes approach in ships 
difficult or dangerous. Others are 
deeply indented or are carved by 
waves and currents into features that 
provide shelter for ships or consider¬ 
able scenic attraction for man. Cool 
sea breezes, rocky promontories, or 
sandy beaches are resources no less 
real than the fish of the sea. They 
attract to the seashores of the world 
thousands of visitors and millions of 
dollars of income each year for those 
who live there. 

Composition of ocean water. From 
the beginning of the world the 
oceans have received the streams that 
drain the land and have returned the 
water to the land again through 
evaporation and winds. Thus there 
is in sea water all the mineral sub¬ 
stance carried by river waters in 
solution. Some of these substances, 
such as lime, are used continually 
by marine animals in making their 
bones and shells and so do not ac¬ 
cumulate in the ocean water. Other 
minerals, however, are not so readily 
taken out of solution. Ocean water 
now contains about 3.5 pounds of 
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dissolved mineral matter per 100 
pounds of water. About three-fourths 
of this is common salt. In some local¬ 
ities, sea water is evaporated, and the 
salt is obtained for human use. 



Fig. 282. A sound-wave broadcast from the 
bottom of the ship, traveling at the rate of 
about 4840 feet per second, reaches the ocean 
floor and is reflected back. By using the time 
interval between broadcast and reception, the 
depth of the ocean can be quickly calculated. 

Tiny particles of air also exist in 
sea water. This air supplies the oxy¬ 
gen for marine life. When sea or 
lake water is heated, the air particles 
expand and can be seen coming to 
the surface before the water reaches 


the boiling point. If boiled water is 
immediately cooled and put in an 
aquarium, the fish will suffer from 
lack of air. In the ocean, consider¬ 
able air is whipped into the water 
by wave action. Of great importance 
also are certain water plants whose 
leaves give off oxygen into the sea 
water. 

Only the upper layers of ocean 
water are warmed to any extent by 
the sun. The temperature of surface 
waters near the equator may reach 
80°F; near the poles it may be as low 
as 29°F, which is about the freezing 
point of ocean water. Most of the 
subsurface water of the ocean is very 
cold, having a temperature of less 
than 45°F. 

The pressure of ocean water at 
great depths is enormous. It is about 
1 ton per square inch at a depth of 
1 mile. It is about fi tons per square 
inch at a depth of 6 miles in the 
deepest parts of the ocean. Unlike 
air, water is only slightly compressed 
by great weight. Consequently, wa¬ 
ter at great depths has about the 
same density as the upper layers. 
Any object that will sink in the sur¬ 
face water will go to the bottom of 
the ocean. 

Depth of the ocean. The depth of 
the ocean is usually expressed in 
fathoms. One fathom is 6 feet. There 
are two methods of determining the 
depth: (1) In shallow water, a weight 
fastened to a line is lowered until it 
rests on the ocean floor, and the 
length of the line is noted. (2) A 
faster method is provided by an in¬ 
strument called a fathometer, which 




OCEANS AND THEIR SHORES 


333 


makes use of the fact that sound 
waves travel through water at the 
rate of about 4840 feet per second. 1 
This is about 4 times as fast as sound 
waves travel through air. A flexible 



Fig. 283. Parts of a wave and the names used 
in referring to them. 


drum is exposed to the ocean water 
in the stern of the ship. A sound 
wave from this drum goes to the 
ocean floor and is reflected back and 
received by a hydrophone in the bow 
of the ship (Fig. 282). If the time 
interval between broadcast and re¬ 
ception of the sound wave is 6 sec¬ 
onds, then the depth of the ocean is 
14,520 feet, or 2420 fathoms. 

Numerous measurements have 
shown that the average depth of the 
ocean is about 2 to 2% miles. The 
deepest parts of the ocean basins are 
called deeps . The greatest depth 
known is 35,400 feet and is just east 
of the Philippine Islands. One of the 
deepest parts of the Atlantic Ocean 
lies just north of Puerto Rico. 

Movements of ocean water. The 
waves of the ocean are caused by the 
friction of wind with its surface. 
Winds of gale velocity may cause 
waves to reach a height of 25 to 50 
feet (Fig. 283). Huge waves driven 


by hurricane winds have invaded the 
coasts of Florida and Texas and have 
done tremendous damage, especially 
in cities located near sea level. Big 
waves traveling at high speed have 
great power. They pound against 
rocky coasts. They dislodge and toss 
rocks into the air. Such wave-tossed 
rocks have been known to break win¬ 
dows in lighthouses more than 100 
feet above the ocean surface. 

The wave motion is principally an 
up-and-down movement of the wa¬ 
ter. However, surface water moves 
slowly in the direction toward which 
the wind is blowing. As a wave comes 
into the shallow water near the shore, 
its lower part may be retarded by the 
ocean floor. The top of the wave, 
having greater momentum, pitches 
forward, causing the breakers that 
may be observed on many coasts. 
From the line of breakers, smaller 



Fig. 284. The change in form and final toppling 
of waves in shallow water. In the foreground, 
the line of breakers is some distance from the 
shoreline and a beach has been formed. In 
the background waves break directly upon a 
headland, and a cliff has been cut. 

waves move onshore as far as possible 
and return to the ocean as an under¬ 
current known as the undertow (Fig. 
284). The incoming waves on Wai- 

3 This velocity varies somewhat, being in¬ 
fluenced by the temperature, depth, and 
salinity of the water. 
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Fig. 285. Pearl Harbor, about 8 miles west of Honolulu, on the south side of the island of Oahu, 
Hawaiian Islands. Not far from this harbor is Waikiki beach. The Hawaiian Islands, 20° to 
22°N lat., are in the northeast trades. (Official U. S. Navy photograph.) 


kiki beach near Honolulu are so pro¬ 
nounced that expert surfboard riders 
are able to enjoy a ride of about a 
quarter of a mile at a speed of 25 
miles per hour or more (Fig. 285). 

Tidal waves, as explained in Chap¬ 
ter 8, result from earthquakes on the 
ocean floor. These are the largest and 
most destructive of all waves. They 
have caused disaster on many shores 
but especially along those of the 
Pacific Ocean in eastern Asia and 
among the islands of the East Indies 
and Philippines. 

TIDES 

The regular rise and fall of the 
level of the sea is called the tide. 
Tides are caused mainly by the at¬ 
traction of the moon and to a lesser 
extent by that of the sun. The attrac¬ 


tion of the moon causes the ocean 
water to bulge out on the side of the 
earth facing the moon. This bulge 
causes the high tide. There is a simi¬ 
lar bulge on the side of the earth 
away from the moon. Thus are cre¬ 
ated on opposite sides of the earth 
two high tides between which are 
two low tides. As the earth rotates 
on its axis once every 24 hours, it is 
evident that any given shore point 
might be expected to have two high 
and two low tides per day. The 
time between high and low tide, 
therefore, would be approximately 6 
hours.- However, the moon travels 
around the earth in its orbit in about 
28 days, and its advancement in its 
orbit each day influences the time of 
tides. Thus the time between high, 
or flood, and low, or ebb, tide is usu¬ 
ally about 6 hours 13 minutes and 
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LAST QUARTER 



FIRST QUARTER 


Fig. 286. The relation of the moon, in its different phases, and of the sun to the occurrence of 
ocean tides. 


from high to high ride 12 hours 25 
minutes. 

During new moon and full moon, 
the earth, sun, and moon are almost 
in a straight line. At such times the 
tide-producing forces of the moon 
and sun combine to produce a higher 
flood tide, and consequently lower 
ebb tide, than usual (Fig. 286). These 
are called spring tides , but it should 
be remembered that they have no 
relation whatsoever to the season 
called spring . The vertical distance, 
measured in feet, between high and 
low tide is called the tidal range . 
The greatest tidal range occurs at 
the time of spring tides. 

At the time of first and third quar¬ 
ter phases of the moon, the forces of 
the sun and moon are acting at right 
angles with relation to the earth. As 
a result, the tidal range is reduced. 
Tides at such times are referred to 
as neap tides (Fig. 286). Since the 
phases of the moon are about 1 week 
apart, it follows that the time inter¬ 
val between spring tides is approxi¬ 
mately 2 weeks. The same is true of 
neap tides. 

Tides on different shores. Under 
ideal conditions, equal high tides 


should succeed each other at inter¬ 
vals of 12 hours 25 minutes. How¬ 
ever, that is not the actual condition 
in many places. At any given station 
there is a considerable variation in 
the height of successive tides and in 
the intervals between them. This is 
because of the trends and outlines of 
different coasts, the depth of coastal 



Fig. 287. Intervals and amounts of tidal rise 
and fall at New York during a 48-hour period. 
(After H. A. Marmer.) 


waters, the shapes and sizes of the 
several oceans, and other causes. 

In general, the tides of the Atlan¬ 
tic Ocean are most nearly like the 
ideal type. This may be illustrated 
by a curve showing the actual rise 
and fall of the tide at New York (Fig. 
287). On some shores, notably parts 
of southern Asia and the Caribbean 
and Gulf shores of America, there 
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is but one high tide per day. The 
shores of the Pacific Ocean generally 
are characterized by what may be 
called mixed tides . In them each al¬ 
ternate high tide is much lower than 
the preceding one. This condition 
may be illustrated by a curve show¬ 
ing the actual tidal rise and fall at 
Honolulu (Fig. 288). 

Variation in tidal range. In the 
open ocean the tidal range is so slight 
as not to be noticeable. As the tidal 
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Fig. 288. Intervals and amounts of rise and 
fall of a tide of mixed type at Honolulu, 
during a 48-hour period. (After H. A. Marmer .) 

bulges, or waves, approach coasts, 
however, they tend, like other waves, 
to increase in height. The amount of 
the increase is determined by a num¬ 
ber of factors. The tides of nearly en¬ 
closed bodies of water, such as the 
Mediterranean and Baltic seas, are so 
slight as to be negligible. In shel¬ 
tered waters, such as the Gulf of 
Mexico and the Caribbean Sea, the 
range is small, usually less than 2 
feet. Common tidal ranges on ex¬ 
posed coasts are between 5 and 10 
feet, though in some places less and 
in others more. 

In a few localities, some of them 
the sites of important commercial 
ports, the tidal range is so great that 
it is a distinct handicap to the use 
of the shore. Some harbors, notably 


Liverpool, England, have required 
expensive improvements to offset the 
disadvantages of the continuous rise 
and fall of the water level while ships # 
are loading and unloading cargo at 
the wharves. Places of great tidal 
range are situated mainly upon fun¬ 
nel-shaped bays where the tide wave 
tends to pile up as it moves land¬ 
ward. Cherbourg, France, has an 
average tidal range of 17 feet; and 
Liverpool, 29 feet. The head of the 
Bay of Fundy, Nova Scotia, has 42 
feet and, at time of spring tide, some¬ 
times as much as 50 feet of extreme 
tidal range. 

Tidal behavior in rivers. The in¬ 
coming high tide advances up many 
rivers that empty into the sea. This 
is known as the tidal bore. Depth of 
water is thus increased, not only at 
the mouth of the river but in some 
cases for many miles upstream. This 
increased depth facilitates the navi¬ 
gation of larger ships. A most pro¬ 
nounced tidal bore is observed in the 
Petitcodiac River of New Brunswick, 
where the tide advances upstream 
in the form of a noticeable wave. 
Among other rivers exhibiting simi¬ 
lar, but less pronounced, tide be¬ 
havior are the Hudson, St. Lawrence, 
Amazon, Seine, and certain rivers 
along the coasts of China and India. 

OCEAN DRIFTS AND CURRENTS 

The movement of most of the sur¬ 
face water of the ocean is very slow, 
averaging about 2 miles per hour. 
This slow movement is referred to 
as a drift . The term ocean current is 
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applied to the more rapidly moving 
waters which sometimes attain a rate 
of 2 or 3 times that of a drift (Fig. 
289). 

Ocean drifts and currents are 
caused mainly by the prevailing 
winds of the earth. Since the trade 
winds blow from easterly to westerly 
directions, they cause the surface wa¬ 
ters of the ocean to drift toward the 
west. In higher latitudes the stormy 
westerlies cause the surface waters to 
move toward the east. Of lesser im¬ 
portance in causing movement of 
ocean waters is the difference in den¬ 
sity of water itself caused by differ¬ 
ences in temperature and salinity, or 
saltiness. Of course, the path that an 
ocean current follows may be modi¬ 
fied by one or more of the following: 
(1) the shape of the ocean basin, (2) 
submarine barriers, (3) the trend of 
the coastline, and (4) the rotating of 
the earth on its axis. 

On each side of the equator are 
the North and South Equatorial 
drifts which move slowly toward the 
west owing to the friction of the 
trade winds with the ocean surface. 
These drifts, with the accompanying 
steady trade winds, are utilized by 
sailing vessels when traveling from 
east to west. In the Atlantic Ocean 
the Equatorial Drift flows toward 
South America where it divides, part 
flowing south as the Brazil Current, 
and part moving north into the Car¬ 
ibbean Sea, then through the Yuca¬ 
tan Channel into the Gulf of Mexico. 

The basin occupied by the Gulf 
of Mexico is continuously receiving 
enormous quantities of water from 


the Equatorial Drift and numerous 
rivers, of which the Mississippi is of 
outstanding importance. This great 
inflow of water must find an outlet 
from the Gulf, and that outlet is 
through Florida Strait, creating the 
Gulf Stream. Between Florida and 
Cuba, the Gulf Stream is more than 
100 miles wide, has considerable 
depth, and moves at a rate of 4 to 5 
miles per hour. This is probably the 
strongest of all ocean currents. Leav¬ 
ing Florida Strait, the Gulf Stream 
joins other northward-moving wa¬ 
ters. In the vicinity of the 40th paral¬ 
lel of north latitude these waters are 
driven eastward across the Atlantic 
by westerly winds, forming the North 
Atlantic Drift. This drift reaches the 
British Isles and the coast of Norway. 

Opposite Spain, part of the east- 
ward-moving waters turns south. 
Along the northwest coast of Africa 
it is called the Canary Current . This 
current finally rejoins the North 
Equatorial Drift. Thus a huge circu¬ 
lar motion of water, rotating clock¬ 
wise, is created in the North At¬ 
lantic. A corresponding circulation 
occurs in the North Pacific, whereas 
south of the equator in the Pacific, 
Atlantic, and Indian oceans the cir¬ 
culation is counterclockwise. Near 
the center of the great North Atlan¬ 
tic whirl, which coincides with the 
location of the subtropical high, or 
horse latitudes, the movement of 
ocean water is negligible. The growth 
of seaweed, or sargassum, has given 
the name Sargasso Sea to this part of 
the ocean. 

The Gulf Stream and its exten- 
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sion, the North Atlantic Drift, are 
continually carrying relatively warm 
water to the Arctic Ocean. To com¬ 
pensate for this receipt of warm 
water, the Arctic discharges cold wa¬ 
ter which flows southward on either 
side of Greenland. Between Canada 
and Greenland, this cold, southward- 
flowing water is known as the Lab- 
raclor Current . This is the current 
that carries icebergs from Greenland 
south into the paths of ocean liners 
traveling across the North Atlantic. 
Its nearness to the Gulf Stream in 
the vicinity of Newfoundland causes 
the extremely dense fogs in that 
locality. 

In the North Pacific, the Japan 
Current, or Kuro Siwo, moves east¬ 
ward from the Japanese Islands 
toward North America. In the lati¬ 
tude of Puget Sound it divides, part 
flowing northward along the coast 
of southern Alaska, and part south¬ 
ward off the coast of California, 
where it is known as the California 
Current . 

In the Southern Hemisphere, the 
westerlies drive surface waters com¬ 
pletely around the world in the vi¬ 
cinity of the 50th and 60th parallels. 
This is the West Wind Drift and is 
a cold current because of its high 
latitude and its contact with the gla¬ 
ciers of Antarctica. Two offshoots of 
this great current turn northward 
toward the equator, forming the Pe¬ 
ruvian, or Humboldt, Current along 
the coast of Chile and Peru and 
the Benguela Current along the west 
coast of southern Africa. These are 
cold currents, since their waters are 
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relatively colder than adjacent ocean 
water. 

The map of ocean currents (Fig. 
289) shows that the surface waters 
are pulling away from the coast of 
California and the northwest coast 
of Africa. When surface water flows 
away from a shoreline, deeper and 
colder water moves upward to take 
its place. This is called the upwell- 
ing of subsurface waters. California 
coastal waters are several degrees 
colder than adjacent water a few 
miles offshore. Moist air moving 
from the ocean toward California 
must cross the belt of upwelling cold 
water alongshore and is chilled suf¬ 
ficiently to cause condensation of 
water vapor which produces dense 
fogs. 


AVERAGE MONTHLY TEMPERATURE OF 
SURFACE OCEAN WATER FOR 
JANUARY AND JULY * 


Place 

January 

July 

°C 

°F 

°c 

°F 

Key West, Fla. 

22 

71 

30 

86 

Galveston, Tex. 

15 

59 

30 

86 

Los Angeles harbor 

13 

55 

19 

66 

Astoria, Ore. 

5 

41 

18 

64 


* From U. S. Coast and Geodetic Survey 
Bulletins TW-1 and TW-2. 


The discussion so far and obser¬ 
vation of the map make it apparent 
that, in general, warm currents flow 
toward the poles, and cold currents 
toward the equator. Isothermal maps 
of the world for January and July 
(Figs. 34, 35) show that certain ocean 
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currents decidedly influence the 
course of isotherms in some localities. 
For example, isotherms, especially 
on the January map, are bent north¬ 
ward over the North Atlantic Ocean 
as a result of the relatively warm 
water carried northward by the Gulf 
Stream. In the Southern Hemisphere 
it will be noticed that isotherms 
bend equatorward over both the Pe¬ 
ruvian and the Benguela currents. 

The principal climatic effects of 
ocean currents are as follows: 

1) Where warm currents lie off¬ 
shore and winds blow from sea to 
land, temperatures on the land arc 
considerably moderated. Thus win¬ 
ter temperatures in northwestern Eu¬ 
rope are much less severe than in 
corresponding latitudes in Labrador. 
A similar condition exists along the 
Pacific coast from Oregon to Alaska. 
The warm currents also tend to in¬ 
crease atmospheric humidity which, 
in turn, causes an increased amount 
of cloudy and rainy weather, espe¬ 
cially in the cooler seasons. 

2) Where warm and cold currents 
come close together, the moist air 
from over the warm current may be 
chilled by colder air over the cold 
current, causing fogs. A good exam¬ 
ple, previously mentioned, is the re¬ 
gion of dense fogs around Newfound¬ 
land. 

3) Cold currents along shores in 
low latitudes (10° to 30°) have the 
peculiar effect of producing much 
foggy weather but little rain. Such is 
the case along the coast of Peru and 
northern Chile and the southwestern 
coast of Africa. The fogs are caused 


by the chilling of ocean breezes as 
they pass over the cold ocean current 
near shore. When the cool air comes 
onshore, it is heated by the much 
warmer land. As air is heated, its 
capacity for water vapor increases, a 
condition that is just the reverse of 
that necessary to produce rain. 

FEATURES OF THE OCEAN SHORE 

The line at which the sea meets 
the land is a line of considerable im¬ 
portance. On its two sides are differ¬ 
ent scenes and different methods of 
communication. At that line the flow 
of trade from one country to another 
must be handled because of the 
change in transportation. Most coun¬ 
tries export certain surplus commod¬ 
ities. These commodities are shipped 
from the hinterland, or from land 
adjacent to a seaport, to the ocean 
shore by means of railroads, truck 
lines, or river barges. There they are 
placed on board ocean vessels. It is 
a well-known rule that at certain 
favored places where a break in trans¬ 
portation takes place, cities tend to 
develop. 

Movements of the earth’s crust 
over long periods of time have 
caused the ocean shore in many 
places slowly to fall or rise. During 
the time of such movement, a coast¬ 
line moves landward as land is sub¬ 
merged. It creeps seaward as land 
emerges . Thus two principal classes 
of shorelines are recognized: (1) 
shorelines of submergence and (2) 
shorelines of emergence. 

The major shapes of shore out- 
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lines are due to sinking or rising of 
the land, but more detailed features 
result from changes caused by any 
one or several of the following: (1) 



Fig. 290. Stages in the development of a shore¬ 
line of submergence: A, erosion of the head¬ 
lands has begun, and beaches, spits, and 
hooks are forming; 6, depositional features are 
extensive, shoreline is retreating; C, shoreline 
is worn well back, and all features are ap¬ 
proaching old-age stage. 

wave work, (2) shore currents, (3) 
wind action, (4) glaciation, and (5) 
stream deposition. Consequently a 
shoreline undergoes a slow develop¬ 
ment during which projecting head¬ 
lands may be worn back and bays 
slowly filled. 

SHORELINES OF SUBMERGENCE 

The slow submergence, or sink¬ 
ing, of lowland coasts results first 
in the formation of shorelines of 


considerable irregularity, especially 
where the coastal plain has been 
eroded by streams (Fig. 290). Wide, 
shallow valleys are separated by 
broad, low areas between the streams. 
Valleys of that kind have such low 
gradients that even slight submer¬ 
gence permits the sea to enter them 
for some distance, forming bays. The 
higher areas between streams, at the 
same time, are only partly submerged 
and appear as irregular peninsulas 
or as islands. The sinking of a main 
valley with its tributaries produces a 
very irregular coast, such as Chesa¬ 
peake Bay. In other cases only the 
lower portion of the main valley is 
submerged. The drowned mouth of 
a river is called an estuary (Figs. 291, 
292). Many estuaries form excellent 
harbors and are the sites of impor¬ 
tant commercial cities. 

Most of the eastern shore of the 
United States is one of submergence 
and contains a number of important 



Fig. 291. The estuary of the Thames River in 
southeastern England. Numerous dams and 
locks on the 200-mile river control the depth 
of water. Note the location of Greenwich, 
through which passes the zero meridian of 
longitude. 

estuaries. Chesapeake Bay (Fig. 293) 
is an example of the branching type 
of estuary. Some, like Delaware Bay, 
the Hudson River, the lower St. 
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Lawrence, and others of smaller size, 
are simple in outline. 

Estuaries abound also on the shore¬ 
lines of western Europe. The coasts 



Fig. 292. The estuary of the Columbia River 
provides deep water for ocean vessels that 
reach Portland. However, considerable dredg¬ 
ing of the channel is necessary in some places 
to maintain sufficient depth of water. ( Cour¬ 
tesy Puget Sound Navigation Co.) 

of the North Sea and the Baltic in 
general have shorelines of submer¬ 
gence, as their irregular outlines 
show. The estuaries of the rivers 
Mersey, Thames, Elbe, Seine, and 
Gironde are the sites of great com¬ 
mercial ports. Submergence provides 
the deep water necessary for ocean 
vessels. An important estuary of 
South America is that of the Plata 
River on which the city of Buenos 
Aires is located. 

Other shore features. A shoreline is 
subject to attack and modification by 
the erosion of waves and currents. 
Such erosion produces certain char¬ 
acteristic shore features. Wave ero¬ 
sion is most effective near average sea 
level. A notch is cut in the rock at 
this point. This notch is enlarged by 
undercutting; and where the forces 


of erosion are strong, sea cliffs and 
bold headlands are produced. 

The erosion of cliffs composed of 
a single kind of weak rock is likely 
to proceed with comparative even¬ 
ness. In resistant rocks of unequal 
hardness, however, erosion is not 
uniform. The less resistant rocks wear 



Fig. 293. Two important bays on the Atlantic 
coast of the United States. These bays are 
estuaries. Can you name the cities at A, B, 
C, D, and E? From A to D is about 125 miles. 
Using this scale, estimate the length of Chesa¬ 
peake Bay. Washington, D. C., is on the estu¬ 
ary of what river? About how far is Philadel¬ 
phia from the Atlantic Ocean via Delaware 
Bay? 

away more rapidly than the more 
resistant ones. As a result, peculiar 
and interesting shore features are 
formed. Among them are sea caves. 
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detached chimney-like pinnacles of 
rock, and half-submerged projections 
upon the sea floor (Fig. 294). Obvi¬ 
ously, such a coast is extremely dan¬ 
gerous during stormy weather, and 
lighthouses are often built to warn 
navigators to keep a safe distance 
from shore. 

In some places the erosion of a 
sea cliff results in a gently sloping 
shore called a wave-cut terrace. Off¬ 
shore and below sea level, the rock 
waste accumulates to form a wave- 
built terrace (Fig. 295), 

The sand, gravel, and other mate¬ 
rial eroded from rocky shores are 
moved about by waves and currents. 
Especially in the quiet waters of 
protected bays, this sediment accu¬ 
mulates to form beaches. Currents 
moving alongshore may carry the sed¬ 
iment across the entrance to a bay. 
Here it gradually accumulates as a 
ridge on the ocean floor. Eventually 
the ridge is built above the water to 
form a point of sand and gravel, 
called a spit . In the mouth of a broad 
bay, the inward movement of waves 
and currents past the projecting 
point of a spit may cause it to curve 
toward the shore. Then it is called a 
recurved spit> or hook . Examples of 
such features are shown by Sandy 
Hook, at the entrance to New York 


Bay, and the curved tip of Cape Cod 
(Fig. 312). The entrance to a narrow 
bay may be completely sealed by a 
sand bar deposited by waves and cur¬ 
rents. In many harbors, dredging is 
necessary to maintain sufficient depth 
to accommodate ocean vessels. 



Fig. 294. The features of a wave-cut cliff on the 
exposed coast of Cornwall, England. (Photo¬ 
graph by Burton Holmes , from Ewing Gallo¬ 
way.) 

As soon as beach sands begin to be 
thrown up by waves, they are readily 
dried and are then slowly moved by 
the wind. On some low, flat coasts 
the sand forms into low hills called 
shore dunes . Where the supply of 
sand is abundant and strong onshore 
winds exist, shore dunes may migrate 
inland for a mile or more (Fig. 296). 

The southeast shore of Lake Mich- 



Flg. 295. Association of features on an eroding shoreline. 
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igan, from Gary, Indiana, to Michi¬ 
gan City and northward, is noted for 
such sand hills. Considerable areas of 
dune sand are found on the low 
coastal margin of Cape Cod, parts of 
New Jersey, Virginia, and other sec¬ 
tions of the east-facing coast of the 
United States. In general these are 
not so large in area and do not move 



Fig. 296. A shore dune in North Carolina en¬ 
croaching upon woodland. Its steep leeward 
slope is clearly shown. (Courtesy U. S. Geo- 
logical Survey .) 

so far inland as the dunes of the 
low, west-facing coasts of southwest¬ 
ern France, Belgium, Netherlands, 
and Denmark. In those countries at¬ 
tempts at checking the migration of 
the dunes have involved great ex¬ 
pense. 

Submerged mountain coasts. Par¬ 
tially submerged mountains and hills 
of stream erosion have shorelines of 
great irregularity. As on a submerg¬ 
ing plain, the sea creeps into every 
coastal valley, forming a bay. Stream- 
eroded slopes or small delta plains 
furnish excellent locations for com¬ 
mercial seaports. However, the in¬ 
ferior productivity and difficulty of 
penetration of rough hinterlands do 


not favor seaport development. Some 
examples of the irregular shores of 
submerged highlands are the coast of 
northwestern Spain, the shores of the 
Aegean and Adriatic seas, the coast 
of Japan, and the hilly coast of south 
China. 

Glaciated mountain coasts are 
characterized by long, steep, penin¬ 
sular headlands which alternate with 
narrow, deep, and steep-walled bays, 
some of which are unusually long. 
The bays vary a great deal in shape. 
Some are submerged, glaciated, U- 
shaped mountain valleys. To these 
long, narrow arms of the sea, the 
Norwegian name fiord is applied. 

Fiorded coasts provide some of the 
finest scenery in the world. High and 
rocky walls, mist shrouded, rise on 
either hand, and occasional cascades 
plunge from the mouths of hang¬ 
ing valleys. Sharp bends and rocky 
islands obstruct the view, and a nar¬ 
row horizon seems to shut out the 
world and to create complete isola¬ 
tion. Yet the quiet, gray waters of the 
fiord are easily accessible, since they 
are so deep that they may be navi¬ 
gated in safety, even by ocean-going 
ships (Fig. 297). 

The principal regions of fiorded 
mountain coasts are in the higher 
middle latitudes. Here, during the 
glacial period, many valley glaciers 
descended to sea level. The fiords are 
best developed in highlands that are 
characterized by the marine west- 
coast type of climate. In such locali¬ 
ties abundant orographic snowfall 
fed the many individual glaciers that 
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Fig. 297. A view from the head of a fiord in Norway. The village occupies a small delta; the 
rocky island, the steep walls, and the presence of a ship indicate deep water. (Ewing Galloway.) 


occupied, deepened, and reshaped 
numerous valleys. There are deep 
fiords in the west coast of Norway, 
the west coast of North America 
from Puget Sound to Alaska, the 
coast of southern Chile, and the west 
coast of South Island, New Zealand 
(Fig. 298). Others of lower altitude 
and less grandeur are found along 
parts of the coasts of Scotland, Ice¬ 
land, Greenland, Labrador, and the 
arctic islands. 

It is probable that many fiords are 
ice-scoured valleys that have been 
submerged by sinking of the shore¬ 
line since the time of their forma¬ 
tion. In some cases, the great depth of 
water can hardly be explained other¬ 
wise. It is probable also that moun¬ 
tain-valley glaciers that reach the sea 
are able, by reason of the great depth 


or thickness of the ice tongues, to 
erode their valley floors well below 
sea level. After the disappearance of 
the ice, the valley floor is occupied 
by sea water, sometimes deeply and 
far inland. 

The dimensions of some fiords are 
indeed interesting. Portland Canal, 
a fiord that forms part of the bound¬ 
ary between Alaska and British Co¬ 
lumbia, is 90 miles long, from y 2 to 
2 miles wide, and, in mid-channel, 
ranges from 90 to 1250 feet in depth. 
The Sogne Fiord, the longest in Nor¬ 
way, has a length of 112 miles and 
an average width of 4 miles, and its 
water reaches a maximum depth of 
4000 feet. As harbors, fiords seldom 
suffer from shallow water. Instead, 
the great depth of water may be a 
handicap in that it prevents the 
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anchor chains of ships from reaching 
bottom. 

Puget Sound, in western Washing¬ 
ton, is a glaciated and submerged 


Fig. 298. 



coastal region (Fig. 299). Glacial ice 
scoured deep valleys and left great 
deposits of morainal materials. The 
deep valleys, partially submerged, ac¬ 
count for the fact that in some places 
the waters of Puget Sound are almost 
1000 feet deep. 


SHORELINES OF EMERGENCE 

Bordering many coastal plains are 
submerged continental shelves which 
are essentially flat or slightly inclined 
toward deeper water. When such a 
flat sea bottom slowly emerges, the 


shoreline creeps seaward ahead of a 
newly forming land. Such a shore¬ 
line is fairly straight. Seaward, shal¬ 
low water covers the gently inclined 
ocean floor. Landward stretches a 
very flat coastal plain, possibly crossed 
by shallow valleys of streams from 
nearby highlands. This simple shore¬ 
line, however, is in time changed by 
the action of waves and currents. 

Offshore bars. In the shallow wa¬ 
ters of a recently emerged coast, the 
waves that approach shore change 



Fig. 299. Puget Sound is a glaciated and partly 
submerged coastal area in Washington. Seattle 
and Tacoma are busy commercial cities. Far¬ 
ther north is Vancouver, British Columbia, one 
of the principal seaports of Canada. (Courtesy 
Puget Sound Navigation Co.) 


form and eventually topple over or 
break. The line of breakers may be 
several hundreds or even thousands 
of feet from the shoreline. As the 
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waves break, they wash forward loose 
bottom materials only to drop them 
just landward of the line of breakers, 
forming a submarine ridge nearly 
parallel to the coast. 

As this feature grows in height, it 
appears first above sea level as a series 
of narrow islands. Further deposi¬ 
tion by waves and the drift of along¬ 
shore currents fill gaps between some 
of the islands and connect them into 
long, low offshore bars (Figs. 300, 
301). Between these and the main¬ 
land are long, shallow bodies of water 
called lagoons . Drainage from the 
mainland discharges into the lagoons. 
Narrow openings called tidal inlets 
develop in the offshore bars. Through 
these inlets the sea water flows land¬ 
ward with the coming of high tide 
and seaward as the tide ebbs. The 
rushing of tidewater through such 
small openings or through narrow 
straits between islands is termed the 
tidal race . Such a tidal race may scour 
a tidal inlet to such an extent that it 
is deep enough to accommodate ships 
of moderate size. 

Such coasts are of little value for 
commercial shipping, mainly because 
of shallow water. During severe 
storms, ships that are too close to 
shore may be driven aground. The 
lagoons are so shallow as to accom¬ 
modate only small craft. In time, the 
lagoons are filled by sediment carried 
by inflowing streams and tidal cur¬ 
rents. As salt-water vegetation spreads 
in the lagoon, it may appear at low 
tide as an expanse of featureless 
marshland. Eventually, the depres¬ 
sion may be filled, and the seaward 


side of the offshore bar may become 
the ocean shoreline. In time, the 
work of shore currents and waves 
may entirely remove the offshore bar 
and the sediments deposited in the 
lagoon. The ocean shore is a place 



Fig. 300. Stages in the development of a 
shoreline of emergence: A, the new shoreline 
is little eroded before a protecting bar begins 
to form; B, the growth of an offshore bar 
flanked by lagoons; C, owing to wave pound¬ 
ing, the bar migrates shoreward and the la¬ 
goons narrow, fill, or disappear. 

of ceaseless but extremely slow 
change. 

Low coasts of emergence. The 

South Atlantic and Gulf coasts of the 
United States, except for the Missis¬ 
sippi River delta, show generally the 
features of young coasts of emer¬ 
gence. Padre and Matagorda Islands, 
on the coast of Texas, are offshore 
bars. Behind them are extensive la¬ 
goons. The city of Galveston, Texas, 




Fig. 301. The sea wall, at Corpus Christ!, Texas, which resembles a stairway, was built at a cost 
of several million dollars. Offshore bars form shallow lagoons along this southern Gulf coast of 
Texas. (Photograph by McGregor, courtesy Charles Roster.) 


is built on a low island (Figs. 302, 
303). Indian River, on the east coast 
of Florida, is a long, narrow lagoon. 



provides the sites of two important seaports, 
Galveston and Houston. The distance between 
the two cities is about 40 miles. The broken 
line is the route of the Houston Ship Canal. At 
Houston there is a turning basin for ships that 
use the canal. 


Beyond it lies an offshore bar which 
extends coastwise for more than 100 
miles, interrupted only by narrow 
tidal inlets. This bar broadens north¬ 
ward to form the dune-covered pro¬ 
jection of Cape Canaveral (Fig. 304). 
Similar features are found on many 
other lowland coasts. Atlantic City, 
New Jersey, is built on an offshore 
bar. 

The North Sea coast from the 
Netherlands to Denmark is fringed 
by the long chain of the Frisian Is¬ 
lands which are separated from the 
mainland by shallow lagoons. The 
large coastal lakes, or Haffs, on the 
coast of eastern Germany are cut off 
from the Baltic by long, curving bars. 

Although low coasts of emergence 
are not favorable for commercial 
shipping, they nevertheless have cer- 


















tain advantages. The construction of 
railroads and highways along such 
coasts is not a difficult matter. The 
sandy nature of the soil in many 
places makes vegetable gardening a 
profitable occupation. The shallow 
water and long, smooth, sandy shore¬ 
line encourage the building of sea¬ 
side resorts. 

Emerged mountain coasts. Shore¬ 
lines of emergence bordering moun¬ 
tain coasts, like those bordering 
plains, are simple and regular in 
outline. The 6000 miles of shore 
bordering the growing mountains 
and coastal hills between Oregon 
and the 40th parallel in Chile is re¬ 
markable for its regularity. In that 
entire distance there are only a few 
coastal indentations sufficiently large 
or well protected to be good com¬ 
mercial harbors. One of these inden¬ 
tations, caused by sinking of the land, 


is San Francisco Bay, today an ex¬ 
tremely important commercial re¬ 
gion (Figs. 305, 306). 

Along most of this coast the con¬ 
tinental shelf is narrow or lacking, 
and depth of water is great. Huge 
waves break tlirectly onshore in many 
places. Bold, rocky capes and wave- 
eroded cliffs feature such a coast. On¬ 
shore are to be observed marine ter¬ 
races, now far above sea level, which 
give evidence of successive uplifts 
(Fig. 307). In one section of the Cali¬ 
fornia coast 10 or more such terraces 
exist, the highest ones being more 
than 1500 feet above present sea 
level. 

MISCELLANEOUS SHORELINES 

Some shorelines exhibit features 
of submergence; others, of emer¬ 
gence. Some extensive shores have 
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Fig. 304. The offshore bars and lagoons of the 
eastern coast of Florida. 


prominent features of both classes. 
Others show the effects of delta build¬ 
ing, glacial erosion, glacial deposi¬ 
tion, or coral growth. The combina¬ 


tions in which these things may be 
associated in the formation of differ¬ 
ent shorelines are endless. 

The Carolina-New Jersey shore¬ 
line is one in which the features of 
both emergence and submergence 
are prominent. During the period of 
the emergence of this low coastal 
plain, offshore.bars and extensive la¬ 
goons were developed. Subsequently, 
a considerable submergence has re¬ 
sulted in the drowning of the lower 
river valleys and the formation of 
branching estuaries such as Chesa- 



Fig. 305. San Francisco Bay, created by sinking 
of the land, is one of the few breaks in the 
Pacific- shore from Oregon to central Chile. 
San Francisco is an important seaport. The 
Golden Gate, a strait leading from the ocean 
to San Francisco Bay, is about 1 mile wide. 
Three great bridges are shown: the Golden 
Gate Bridge, the San Francisco-Oakland Bridge, 
and farther south the San Francisco Bay Bridge. 
About. 1,500,000 people live in this area. 
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Fig. 306. A portion of San Francisco Bay, California. In the foreground appears about one-halt 
of the 8-mile double-decked San Francisco-Oakland Bridge, which spans San Francisco Bay via 
Yerba Buena Island. A portion of the city of San Francisco appears on the left. Docks extend 
into the bay. This picture is taken looking toward the west. In the upper right may be seen the 
mile-wide strait called the Golden Gate, leading from the bay to the Pacific Ocean, visible in 
the background. Across the strait is another huge and very high bridge, the Golden Gate Bridge. 
There is a pronounced tidal race in the strait below this bridge. (Photograph by Moulin , co urfesy 
San Francisco Chamber of Commerce .) 



Fig. 307. Marine terraces on the coast of California, in Santa Cruz County. The steplike profiles 
of the terraces may be seen in the background and the surface of one of the terraces in the 
foreground. (Courtesy U. S. Geological Survey .) 
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Fig. 308. The picturesque coast ot Maine, at Acadia National Park. (Courtesy U. S. Department 
of the Interior.) 


peake Bay. The submergence, how¬ 
ever, has not been sufficient to de¬ 
stroy the bars. On the North Caro¬ 
lina coast, the submergence, to¬ 
gether with the preservation of the 
bars, has produced Pamlico, Albe¬ 
marle, and Currituck sounds and has 
resulted in a shoreline of a high de¬ 
gree of irregularity. Under the influ¬ 
ence of various currents, the offshore 
♦ 

bars there have become angular in 
outline, but those of New Jersey have 
remained nearly straight. 

The New England shoreline is one 
of great irregularity. The coast of 
Maine is largely the result of stream 
erosion, glacial scour, and submer¬ 
gence. The sea penetrates inland by 
filling submerged valleys that were 
deepened by glacial erosion. Between 
the valleys, the uplands of hard crys¬ 
talline rocks form peninsulas and 
islands. This is indeed a picturesque 
shore. A portion of it has been set 


aside as Acadia National Park (Fig. 
308). 

The shoreline of most of New Eng¬ 
land and eastern Canada is very ir¬ 
regular. Many of the features of sub¬ 
mergence have been somewhat modi¬ 
fied by wave and current action. 
Some of the embayments, or indenta¬ 
tions in the shore, are of great size, 
such as Long Island Sound, the Bay 
of Fundy, and the lower St. Law¬ 
rence. Glacial scour played an im¬ 
portant part in the formation of the 
Maine coast. Cape Cod and Long 
Island, on the other hand, are largely 
the result of deposition of moraines 
and outwash plains. In Boston Bay 
there are islands created by the par¬ 
tial submergence of a group of drum- 
lins. 

Coral-reef shorelines. The shallow 
waters of many tropical coasts are 
characterized by reefs of limestone. 
A reef is a ridge of rock at or near 


OCEANS AND THEIR SHORES 


353 



Fig. 309. One of several small coral islands in the Ulithi group, about 10°N lat., 140°E long. 
Note the runway or airstrip on the left side of the island. Does the line of breakers show more 
clearly on the right or the left side? In what wind belt are these islands? In what direction is 
Manila, Philippine Islands? (Official U. S. Navy photograph.) 


the surface of the water. Limestone 
reefs are composed of the crumbled 
skeletal structures of tiny marine 
animals called corals . There are 
many kinds of coral. The tiny ani¬ 
mals, or polyps, live on the outer 
surface of the coral mass. During its 
lifetime, each animal adds its limy 
skeleton to the bulk of the mass. In 
time, the accumulation may form an 
island or a reef. Warm ocean cur¬ 
rents with temperatures above 70°F 
carry abundant food to the polyps. 

The Great Barrier Reef off the 
northeast coast of Australia is the 
longest coral reef in the world. It 
parallels the shore for 1000 miles. 
Between the reef and the mainland 
is a broad lagoon. Ships under the 
guidance of special pilots are able to 


navigate the lagoon and thus to be 
sheltered from the stormy seas be¬ 
yond the reef. A barrier reef is some¬ 
what similar to an offshore bar with 
the exception that its lagoon is usu¬ 
ally deeper. 

Many tropical islands are formed 
of corals (Fig. 309). Some small is¬ 
lands, perhaps volcanic and with 
coral reefs built around their shores, 
seem to have undergone slow sub¬ 
mergence. At the same time that the 
island was slowly sinking, fringe con¬ 
tinued to grow. Circular coral reefs 
resulted. Such encircling reefs now 
appear at the surface as low, and more 
or less complete, coral rings, called 
atolls, which enclose circular lagoons 
(Fig. 310, 311). 

A fringing reef is built on or very 
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near shore. Such a reef may grow so 
rapidly that the shoreline is pushed 
seaward in spite of wave and current 
erosion. Many islands off the south¬ 
ern Atlantic coast of the United 
States, such as the Bermudas and the 
Bahamas, have shorelines fringed 
with coral. The Florida Keys are 
partly of coral origin. These islands 
are probably remnants of a once con¬ 
tinuous limestone-coral peninsula. 
The city of Key West, situated at the 
end of the Keys, is the southernmost 
point of the United States. By bridg¬ 
ing from one island to the next, a 
railroad and automobile highway 
have been built from the southern 
tip of Florida to Key West. 



Fig. 310. Development of atolls: A, fringing 
coral reefs about islands; B, growing coral 
deposits keep pace with submerging islands; 
C, atolls fringed with growing corals replace 
the mountainous islands. 



Fig. 311. Atolls in the Pacific Ocean. Inside the 
coral reef is a lagoon where the quiet water is 
suitable for the take-off and landing of flying 
boats. On some atolls, the highest point is less 
than 20 feet above sea level. Eniwetok and 
Jaluit are in the Marshall Islands. Midway is 
near the International Date Line. Midway, 
Wake Island, and Guam have long been used 
by aircraft flying between Hawaii and the 
Philippines and China. These latter islands are 
mainly in what wind belt? 

HARBORS 

Most of the important harbors of 
the world, which are the sites of 
great seaports, were caused by sink¬ 
ing of the land. Some, however, were 
produced in other ways. Great com¬ 
mercial cities are located on the 
shores of many estuaries whose rivers 
sometimes offer the added advantage 
of water transportation inland for 
many miles. A good harbor must 
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meet several requirements, some of 
which are as follows: 

1) Depth sufficient to accommo¬ 
date large vessels 

2) Protection from storms at sea 

3) Size large enough to allow ships 
to move about easily 

4) Relative freedom from ice most 
of the year 

5) A deep channel leading to the 
sea wherein tidal currents are not 
too strong 

6) A moderate tidal range 

7) A shoreline of sufficient length 
and character to permit the building 
of numerous docks 

In addition, a harbor that is to be¬ 
come the site of an important seaport 
must have (1) a good location with 
respect to the flow of trade between 
nations; (2) excellent transportation 
facilities to the interior; and (3) an 
adjacent interior region, or hinter¬ 
land, that is rich and productive and 
not only furnishes many commodi¬ 
ties for export but also requires nu¬ 
merous imports. 

New York harbor may be taken as 
an example of one of the world s 
great harbors (Fig. 312). It has sev¬ 
eral hundred miles of shoreline. The 
width of the Hudson River, about 
1 mile, makes it possible to build 
docks on both the east (Manhattan) 
and the west (New Jersey) shores. 
The river is so deep that vessels of 
fair size may go upstream to Albany. 
The East River, between Manhattan 
Island and Long Island, also is wide 
and deep enough to accommodate 
docks on opposite shores (Fig. 313). 


Upper and lower bays are connected 
by The Narrows. The deep channel 
leading to the ocean is the drowned 
valley of the Hudson River and lies 
about midway between Sandy Hook 
and Coney Island. 



Fig. 312. Upper and lower New York Bay. 
Sandy Hook extends northward into the lower 
bay. Lower Manhattan appears at the top of 
the map. The Hudson River is so deep that 
some ocean-going vessels reach Albany, New 
York. 

New York harbor is one of the few 
harbors of the world that is capable 
of accommodating the largest passen¬ 
ger vessels, such as the Queen Eliza¬ 
beth and the Queen Mary. The har¬ 
bor has facilities for handling prac¬ 
tically all kinds of ocean traffic. 
Leading from New York into a rich 
and productive interior are numer¬ 
ous railways, highways, and airlines 
and the water route via the Hudson 
River and Erie Canal to the Great 
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Fig. 313. Aerial view of New York City, showing the Hudson River on the left (west) side of 
Manhattan Island and the East River on the right. Docks extend from both shores of the two 
rivers. (Courtesy Eastern Air Lines.) 


Lakes. The city lies in the path of 
trade between the United States and 
Europe. All these factors combine to 
make New York City by far the lead¬ 
ing seaport of the United States. 

More good harbors are found on 
the Atlantic than on the Pacific coast 
of the United States. Many eastern 
seaports, such as Philadelphia, Balti¬ 
more, Charleston, Savannah, Jackson¬ 
ville, and others, are situated on estu¬ 
aries. 

On the west coast, the two largest 
harbors are provided by San Fran¬ 
cisco Bay, on which San Francisco 
and Oakland are located, and Puget 
Sound, with its two important sea¬ 
ports Seattle and Tacoma. Less spa¬ 
cious are the harbors of Los Angeles 
and San Diego. Portland, Oregon, 
utilizes the estuary of the Columbia 


River. On the Gulf of Mexico are 
the important ports of Galveston, 
Houston, and Tampa. New Orleans, 
on the Mississippi River, is some 90 
miles from the Gulf. 

CANALS 

In a few places in the world, op¬ 
posite shorelines are separated by 
relatively narrow strips of land. 
These strategic points have become 
the sites of important canals. 

The Panama Canal (Fig. 314) was 
mad$ possible (1) by building a dam 
across the Chagres River, creating a 
large lake about 85 feet above sea 
level, and (2) by constructing canals 
from the lake to the Caribbean Sea 
on one side and the Pacific Ocean on 
the other (Fig. 315). Between the 
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lake and the sea, locks are required 
to raise and lower ships. 

The Panama Canal has so short¬ 
ened the water route between the 
east and west coasts of the United 
States that a tremendous amount of 
freight between the two coasts is 
shipped by water. This has resulted 
in a decreased amount of freight car¬ 
ried by certain transcontinental rail¬ 
roads. The canal also shortens the 
ocean route from the west coast of 
South America to ports in eastern 
United States and western Europe. 
Ships moving from New Zealand and 
Australia to England are able to 
avoid the stormy waters around Cape 
Horn by using this canal. 

The Suez Canal connects the Medi¬ 
terranean Sea and the Gulf of Suez, 
which is an arm of the Red Sea. Un¬ 
like the Panama Canal, the Suez is a 
sea-level canal, with no locks. Just 
as the Panama Canal was built to 
make unnecessary the long trip 
around Cape Horn, so the Suez 
makes it possible to avoid the jour¬ 
ney around the Cape of Good Hope, 
southern Africa. The two most heav¬ 
ily traveled ocean routes in the world 
are (1) from western Europe to east¬ 
ern United States and (2) from west¬ 
ern Europe to southeastern Asia and 
adjacent islands. The second of these 
two routes makes use of the Suez 
Canal. 

SUMMARY 

Ocean water contains about 3.5 
percent mineral matter, mostly salt. 


At a depth of 1 mile the pressure of 
ocean water is about 1 ton per square 
inch. Tides in the ocean are due 
mainly to the attraction of the moon. 
Tidal waves are caused by earth¬ 
quakes on the ocean floor. In general, 
warm ocean currents move pole- 
ward; cold currents, equatorward. 



Fig. 314. Map of the Panama Canal region. 
(Courtesy W. O. Blanchard.) 


These currents are caused mainly by 
friction of prevailing winds on the 
surface water. 

Some ocean shores are the result 
of submergence of the coast; others, 
of emergence. Submerged shores are 
likely to be irregular. Estuaries are 
the drowned mouths of rivers and 
often make good harbors. An emerged 
continental shelf usually produces a 
rather straight shoreline with rela¬ 
tively shallow water offshore. Coral 
produces limestone islands and reefs 
in tropical waters. 

More good harbors are found on 
the Atlantic coast of the United 
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Fig. 315. Most of the Panama Canal is approximately 85 feet above sea level. An enormous 
amount of rock had to be blasted and removed in the construction of this waterway. (Courtesy 
The Panama Canal, Washington Office.) 


States than on the Pacific. The Suez 
Canal shortens the sailing route be¬ 
tween Europe and eastern Asia; the 
Panama Canal, that between the east 
and west coasts of the United States. 

Man has learned to make use of 


many things found on or in the 
earth’s crust, including water, vege¬ 
tation, soils, fuels, and minerals. 
They are part of our environment 
and will be discussed in the chapters 
that follow. 


QUESTIONS 

1. Mention several ways in which oceans are of considerable importance 
to man. 

2. What mineral matter is in solution in ocean water? Of what impor¬ 
tance is it? 

3. What is the source of oxygen required by marine animals? 

4. Discuss the pressure and density of ocean water. 

5. What methods are used to find the depth of the ocean? Where is the 
deepest known point of all oceans? What is the depth? 
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6. The time interval indicated by a fathometer test is 10 sec. What is 
the depth of the ocean? 

7. Explain the cause of waves; breakers; undertow; tidal waves. 

8. What is the principal cause of tides? 

9. Define tidal range. How does it differ at the time of spring and neap 
tides? 

10. Under ideal conditions, what is the time interval between high and 
low tides? between successive high tides? 

11. What is the tidal range in the Gulf of Mexic o? in the bay of Fundy? 
at Liverpool? Where is the Bay of Fundy? 

12. Explain what is meant by the tidal bore . Name and locate several 
rivers where the bore is noticeable. 

13. What is the principal cause of ocean currents? 

14. Account for the strength of the Gulf Stream in Florida Strait. 

15. In what direction do ocean waters circulate in the Northern Hemi¬ 
sphere? in the Southern Hemisphere? 

16. .Name and locate three warm and three cold currents. 

17. What is the average July temperature (F) of ocean water at Key West, 
Florida? at Los Angeles? Explain why they differ. 

18. Mention several climatic effects of ocean currents. 

19. Why do cities tend to develop where there is a break in transporta¬ 
tion? 

20. Explain how an estuary is formed. Name and locate ten. Name one 
city on each. 

21. What states border Chesapeake Bay? On what estuary is Washington, 
I). C.? 

22. Arc eroded shore features more likely to develop on a coast of uni¬ 
form rocks or on one composed of rocks of unequal resistance? Why? 

23. What damage may be done by shore dunes? 

24. Explain the formation of wave-built terraces; of recurved spits, such 
as Sandy Hook. 

25. Describe a submerged, glaciated, mountainous coast. 

26. Name and locate several coasts having deep fiords. 

27. What are the dimensions of the Sogne Fiord? Where is it? 

28. Describe briefly the Puget Sound region. 

29. Describe a coastline that may result from the emerging of a conti¬ 
nental shelf. 

0 

30. Explain the formation of an offshore bar; the causes of a tidal race. 

31. Does the uplifted continental shelf produce a coastline useful to com¬ 
mercial shipping? Locate several such coastlines. 

32. What is the general character of the Pacific shoreline from Oregon 
to central Chile? 
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33. Describe briefly the San Francisco Bay region. 

34. What major influences have shaped the coastline from South Caro¬ 
lina to New York harbor? 

35. Describe briefly the New England shoreline. 

36. What is coral? Coral deposits result in the formation principally of 
what rock? 

37. Locate the Great Barrier Reef. What is an advantage of the lagoon 
formed by this reef? 

38. Explain the formation of an atoll; a fringing reef. 

39. Name four atolls. Why is an atoll of particular value to transoceanic 
airlines? 

40. Mention several requirements of a good harbor. 

41. Why are some fairly good harbors not the sites of important cities? 

42. Mention several advantages of New York harbor. 

43. Locate the principal seaports of the United States. 

44. Contrast the Panama and Suez canals from the standpoint of prob¬ 
lems of construction caused by land relief. 

45. Why is control of the Panama Canal advantageous to the United 
States? 

46. How have the Panama and Suez canals influenced certain major 
routes of ocean vessels? 


SUGGESTED ACTIVITIES 

1. Write to the U. S. Hydrographic Office, Washington, D. G., for a list 
of publications. Excellent maps of important harbors may be purchased at 
a reasonable cost. 

2. Your class or school may wish to secure back copies of pilot charts 
of the various oceans by making the request through a congressman. These 
charts are issued every month by the U. S. Hydrographic Office. They are 
excellent for the study of oceans. 

3. If you live near the ocean or a large lake, make field trips to study 
shoreline features and the work of waves and currents. 

4. On a large map of New York harbor that shows the depth of water, 
sketch in a few contour lines to show the submerged valley of the Hudson 
River. 

5. Make a list of the requirements of a good harbor. ^ 

6. Draw a large map of the coastline from Maine to Miami, Florida. 
Indicate the Cape Cod Canal. Label various shore features mentioned in 
this chapter that are illustrated by this coastline. 

7. Secure a large map of Long Island. The southern part of the island 
consists of an outwash plain. Contrast its shoreline with that of Maine. 
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8* Mold a relief model showing a shoreline with a narrow coastal plain, 
continental shelf, and one or two valleys leading into the sea. Fix the model 
in such a way that water can be poured on it. Increasing the depth of water 
will illustrate submergence; decreasing it will illustrate emergence. 

9. Mold a relief model of a glaciated, mountainous coast. Waterproof 
the surface. Arrange the model so that by using water the ocean shore can 
be shown. The water will extend inland in the deep glaciated valleys, illus¬ 
trating the formation of fiords. 

10. Secure a set of slides or a motion picture dealing with the Panama 
Canal. An interesting class report can be made on the history of this canal. 

11. If possible, purchase from the U. S. Geological Survey the four topo¬ 
graphic maps that, when properly glued together, will show New York City 
and vicinity. Do the same for other important seaports. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 

1. Harnessing the Tide 

2. New York Harbor 

3. The Chesapeake Bay Region 

4. Delaware Bay and the Port of Philadelphia 

5. The Coast of Florida 

6. The Coast of Texas 

7. Important Estuaries of Europe 

8. The Pacific Coast of the United States 

9. Acadia National Park 

10. The Great Barrier Reef of Australia 

11. The Panama Canal 
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chapter is. Water Resources 


of the Land 


The good earth provides many nat¬ 
ural resources that contribute greatly 
to man’s enjoyment of life. The early 
pioneers of America cut the forests, 
plowed the virgin soil, and pushed 
onward to newer frontiers. The de¬ 
sire to seize new lands and new re¬ 
sources resulted in much careless 
treatment of soil and forest. Witness, 
for example, the many badly eroded 
farmlands in certain parts of the 
United States and the many scjuare 
miles of cut-over forests. 

Our problem today is one of con¬ 
servation. The days of “new fron¬ 
tiers” are gone forever. One step 
toward conservation is a certain 
amount of government regulation, 
wisely administered. Another step is 
education. People must be taught to 
appreciate the value of wise use of 
our natural resources. 

We should all desire to improve 
the living conditions of future gen¬ 
erations. Can such be the case if we 
are careless, reckless, and wasteful 
with the earth’s resources? A glaring 
and disheartening example of waste 
is shown by the enormous loss of 
natural gas. This gas has been called 


by some engineers the most perfect 
fuel known to man. And yet in the 
effort to secure petroleum, which 
occurs with natural gas, millions of 
cubic feet of the gas have been al¬ 
lowed to escape into the atmosphere. 
This is only one of several examples 
that could be cited. 

The remaining chapters in this 
book deal with the natural resources 
of the earth. As we study the occur¬ 
rence and uses of these resources, we 
should keep in mind the needs of 
future generations. First, let us con¬ 
sider the resources of the earth as a 
whole. Then we shall give our atten¬ 
tion to individual resources: (1) the 
water supply of the land; (2) vegeta¬ 
tion and animal life; (3) soils; and 
(4) coal, petroleum, and other min¬ 
erals. 

Earth resources as a whole. Many 
materials of the earth’s composition 
or of.its natural vegetable or animal 
life are used by man. Because they 
are obtained from the natural earth 
or exist in or upon it, they are called 
natural, or earth, resources . The 
number of such resources used by 
primitive man was not large. The 
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advance of material civilization, how¬ 
ever, has greatly increased the list. 
Because of their vital importance in 
modern affairs, an understanding of 
the occurrence and distribution of 
these resources is fundamental when 
the human activities and problems 
of countries and regions are con¬ 
sidered. 

The natural resources available 
for the use of man are of two princi¬ 
pal classes: 

1) Inorganic , such as water, min¬ 
eral fuels, metallic ores, building 
stones, and the valuable chemical 
raw materials of earth or air 

2) Organic, such as wood, natural 
pasture, wild game, and fish 

The soil, a resource of tremendous 
importance, is made up of both in¬ 
organic and organic materials. With 
inorganic rock fragments, which are 
the basis of soils, are mingled vari¬ 
able quantities of plant and animal 
remains and a world of microscopic 
organisms. 

Some organic forms in the natural 
environment of man can hardly be 
considered as resources. Worthless or 
poisonous plants and certain forms 
of insect or of microscopic life are 
found in many regions. They consti¬ 
tute hazards of life and often hinder 
man in his efforts to make a living. 

Earth resources may be classified 
further according to their perma¬ 
nency, or lasting qualities, as follows: 

1) Inexhaustible resources, such as 
air, sand, and common clay 

2) Renewable resources, such as 
wood, water, and natural pasture 


3) Nonrenewable resources, such 
as coal, iron, petroleum, and chemi¬ 
cal salts 

People today are dependent upon 
a variety of important earth re¬ 
sources. There is nothing to indicate 
that future generations will not need 
most of these resources. Conse¬ 
quently, it is clear that present gen¬ 
erations have a responsibility toward 
the future. Particularly is this true 
with respect to the nonrcncwable re¬ 
sources that now are being produced 
or wasted in large quantities. It is, 
in fact, the responsibility of the pres¬ 
ent generation to secure to society, 
both now and in the future, the 
maximum benefit from the use of 
those materials provided by nature. 
The discharge of that responsibility 
calls for much knowledge and plan¬ 
ning. Efforts to gather information 
and solve problems concerning this 
complicated matter may be consid¬ 
ered a part of the field of the conser¬ 
vation of natural resources. 

WATER RESOURCES 

Water, like air, is a natural re¬ 
source demanded in great quantity 
by both plant and animal life. The 
waters of the land are derived, either 
directly or indirectly, from atmos¬ 
pheric precipitation. For that reason, 
regions of abundant precipitation 
usually, but not always, have abun¬ 
dant supplies of water, and their in¬ 
habitants are able to use it lavishly. 
In arid regions, water is the element 
of first importance in restricting the 
settlement and use of land, and the 
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supply of it is used with utmost 
economy. 

Uses of water. Water supplies and 
water bodies are useful to man in 
many different ways, some of the 
more important of which are 

1) For numerous uses around the 
home 

2) For industrial purposes 

3) For the irrigation of crops 

4) For the production of mechani¬ 
cal power 

5) As routes of inland transporta¬ 
tion 

6) As added attractiveness to scenic 
or recreational areas 

The amount of water used for 
drinking and household supply varies 
greatly. Among desert peoples it is 
small. On the other hand, in modern 
cities the daily per capita allowance 
may be 15 or 20 gallons. 

Industrial establishments vastly in¬ 
crease the quantity of water needed. 
Great manufacturing cities must sup¬ 
ply several times as much water per 
capita of their population as actu¬ 
ally is used in the homes. The aver¬ 
age total consumption of water for 
all kinds of uses, in 90 cities of more 
than 100,000 population in the 
United States, amounts to about 125 
gallons per day per inhabitant. The 
municipal system of Chicago supplies 
each day to its homes and factories 
a quantity of water amounting to 
about 270 gallons for each of its resi¬ 
dents. 1 This city has the highest rate 
of consumption of any in the United 
States, and doubtless much of it is 
wasted because of the abundant sup¬ 
ply close at hand in Lake Michigan. 


Sources of water supply. The large 
quantities of water required by mod¬ 
ern urban and industrial centers are 
obtained from wells, springs, large 
lakes, large rivers, and reservoirs 
formed by dams built across small 
streams. Only about one out of four 
of the principal American cities ob¬ 
tains its water supply from wells. 
The remainder, and especially the 
largest cities, use surface waters. 
However, about two-thirds of the 
total population of the country live 
in small cities, in villages, and on 
farms. In these localities, ground 
water, obtained from wells and 
springs, is the principal source of 
supply. For the irrigation of crops, 
surface waters supply about three- 
fourths and ground water one-fourth 
of the total quantity of water used. 

GROUND-WATER SUPPLY 

The water table. Rain water runs 
off the land surface in streams, seeps 
into the ground, or evaporates. That 
which seeps into the ground is the 
source of underground water. It per¬ 
colates slowly downward and eventu¬ 
ally fills all pore space in a portion 
of the ground. The top surface of 
the layer that is saturated with water 
is called the water table (Fig. 172). 
The water stored below the water 
table* is the source of supply for 
springs and wells. 

1 National Resources Board. Report on 
National Planning and Public Works in 
Relation to Natural Resources, p. 332. Gov¬ 
ernment Printing Office, Washington, D. C., 
1934. 
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In regions of abundant and well- 
distributed precipitation, the pore 
space in the earth is likely to be well 
filled. In arid regions, however, the 
rapid evaporation of moisture and 
the light or infrequent rains do not 
permit deep penetration of water. 
Subsurface waters in arid regions are, 
therefore, mainly those which have 
moved slowly, deep underground, 
from more humid regions. 

The supply of ground water in any 
given locality depends upon (1) the 
nature of rainfall, (2) the kind of 
earth materials that underlie the re¬ 
gion, and (3) the amount of pore 
space or other openings in the earth’s 
crust. More abundant pore space is 
provided by beds of gravel or sand, 
porous sandstones, and some lime¬ 
stones in which there are many cavi¬ 
ties. These are called cavernous lime¬ 
stones. Compact clays and shale, 
slightly broken igneous rocks, and 
some other formations provide but 
little storage capacity for water. 
Neither are they favorable for the 
flow of underground water. 

Sandstone is notable among the 
rocks for its ability to carry ground 
water (Fig. 165). Its pore space com¬ 
monly exceeds 25 percent and some¬ 
times reaches 40 percent of the' vol¬ 
ume of the rock. Massive limestones 
often are 10 percent pore space, and 
cavernous limestones much more. In 
solid granite, the pore space is sel¬ 
dom more than 1 percent. Numerous 
cracks, however, in igneous and met- 
amorphic rocks greatly increase their 
water-holding and water-yielding ca¬ 
pacities. 


Qualities of ground water. No 

ground water is free from dissolved 
minerals. However, the nature and 
quantity of the chemical matter car¬ 
ried in solution differ widely from 
region to region. A few dissolved 
minerals, such as sulfur and iron, 
impart to water a disagreeable taste 
or render it unfit for certain indus¬ 
trial processes. Some mineral waters 
have tonic, laxative, or other me¬ 
dicinal qualities. Among the most 
abundant of the soluble substances 
found in ground water are com¬ 
pounds of calcium or lime, sodium, 
and magnesium. In desert regions, 
seepage waters commonly are charged 
with compounds of these and other 
substances to a degree that renders 
them almost, if not quite, unfit for 
human use. In the United States 
these are known as alkali waters . 

In humid regions, limestone and 
certain other rocks furnish to ground 
water supplies of calcium and mag¬ 
nesium which cause hard water. This 
quality does not change the taste of 
water much but does affect its do¬ 
mestic and industrial utility. Hard 
water requires softening when it is 
used with soap. In some localities, 
city water obtained from deep wells 
is so hard that most of the residences 
are provided with cisterns in which 
rain water is collected. Rain water is 
soft and can be used for washing and 
other purposes for which the city’s 
hard water is ill suited. 

Hard water presents many prob¬ 
lems in various kinds of industries. 
When used, for example, in steam 
boilers, it causes chemical reactions 
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and deposits of chemical substances 
that are harmful. Railroads often 
have water tanks located near streams 
where a supply of soft water is avail¬ 
able. Some cities have spent large 
sums of money for equipment neces¬ 
sary to soften water before it is 
pumped through the supply lines. 



C 


Fig. 316. Some of the many possible conditions 
of surface, material, and structure that are 
related to the occurrence of springs. 

Springs. A spring is a concentrated 
natural outflow of water from under¬ 
ground. It may flow either continu¬ 
ously or only occasionally. Its water 
may be either cold or warm, hard or 
soft. Sometimes a spring occurs on 
the side of a valley that has been 
eroded below the level of the local 
water table (Fig. 316 A). Springs of 
that type are common in glacial drift 
and often are the main sources of 
supply of small streams at the head¬ 
waters of rivers. After a period of 
prolonged drouth, the level of the 


ground water that supplies such a 
spring may be lowered. Then it will 
cease to flow until the water level is 
raised by the downward seepage of 
additional rains. 

The site of a spring may be caused 
by the movement of water downward 
through a porous rock and then hori¬ 
zontally along the top of an impervi¬ 
ous rock layer (Fig. 316 B). Sands, 
sandstones, or porous limestones, un¬ 
derlain by compact clays or shales, 
supply conditions of that kind and 
often produce many springs, all at 
about the same level. 

Water from a wide area of rocks 
sometimes may be concentrated upon 
a spring by means of many cracks in 
the rocks (Fig. 316C). In some re¬ 
gions water thus collected is carried 
deep underground where it comes 
under the influence of hot igne¬ 
ous rocks. Then it may come to 
the earth’s surface as a hot spring. 
In Yellowstone National Park, the 
erupting hot springs, or geysers, are 
resources of considerable value be¬ 
cause of the tourist business that 
they bring. 

Under certain conditions of under¬ 
ground drainage, springs attain the 
proportions of considerable rivers. 
That is notably true in regions of 
cavernous limestones or of porous 
lavas. In such rocks, ground water 
descends from the surface through 
numerous openings and ultimately 
collects in an underground channel 
in some volume. 

There are in the United States 
about 60 springs with sufficient flow 
so that each would supply all the 
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Fig. 317. Most of the large springs of the United States occur in a few regional groups. Those in 
Florida, Missouri, and Texas are associated mainly with areas of cavernous limestones; those of 
Idaho, Oregon, and California occur largely in porous lava formations. 


water required by a city of half a have been established where certain 
million people. Most of these large types of springs exist, for example, 
springs are concentrated in the lime- Hot Springs, Arkansas; Hot Springs, 
stone regions of northern Florida; in South Dakota; Fxcelsior Springs, Mis- 
the Ozark region of southern Mis- souri; and Saratoga Springs, New 
souri; and in the porous lava regions York. There are many such spots in 
of southern Idaho, western Oregon, Europe. 

and northern California (Figs. 317, Wells. A well should be dug below 
318). the water table so that ground water 

Thousands of farmhouses and may be collected in sufficient quan- 
many villages in the United States tity to be lifted, usually by pumps, 
are located upon sites originally to the earth’s surface. Many dug 
chosen because spring water was wells have only temporary supplies 
found there by a pioneer settler, of water, but others are permanent. 
Some of these springs are still in Figure 319 shows the relation of 
existence; others have disappeared, three wells to a fluctuating or chang- 
largely because of the lowering of ing water table. Well No. 1 is a 
the water table. Some spring wa- modern drilled well that reaches be- 
ters, because of purity or reputed low the lowest possible position of 
medical properties, are bottled and the water table and has never run 
sold commercially. Health resorts dry. Well No. 2 is a dug well that 
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Fig. 318. Some of the "Thousand Springs" that issue from beds of broken or porous lava in the 
Snake River Canyon, southern Idaho. (Courtesy U. S. Geological Survey.) 


reaches below the ordinary water 
table and has water at all times 
except after periods of prolonged 
drouth. Well No. 3 is dry except for 
a short time after a long period of 
rains which considerably raise the 
water table. 

A modern deep well, like No. 1, 
is made by drilling a small hole 
scores or hundreds of feet into the 
deeper waters of some known water¬ 
bearing formation, such as a porous 
sandstone. Steel pipe usually is placed 
in the hole to prevent surface waters 


from seeping into the deep well and 
contaminating the deep-water sup¬ 
ply. A smaller pipe, through which 
the water is pumped to the surface, 
extends below the ordinary level of 
water in the well. 

Note the arrangement of wells in 
Fig. 319. Well No. 2 is situated 
higher up the slope than No. 1 and 
appears to be in a safe position with 
respect to pollution. Such, however, 
is not the case. The porous rock 
formation below the surface carries 
seepage from barns and cesspool di- 



Fig. 319. Well No. 2 Is higher than No. 1 and appears to be a safer water supply; but In fact 
it is not so because of the rock structures concerned. The stippled areas indicate porous, water¬ 
bearing formations. The dashed lines show positions of the ground-water tablet (1) in wet 
seasons, (2) at ordinary level, (3) in dry seasons. 
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Fig. 320. One type of artesian structure. Well No. 1 (left) reaches the water-bearing formation, 
but its top is as high as the level of ground-water entrance, and it would require pumping. The 
others should provide flowing water. 


rcctly toward the house well rather 
than away from it, as the surface 
slope would indicate. 

Many wells are located badly be¬ 
cause of ignorance of the nature of 
ground-water movement and of the 
structure or porosity of the rocks that 
govern ground-water movement in 
the locality in which they are con¬ 
structed. Certain diseases are spread 
rapidly by polluted water. To pre¬ 
vent epidemics due to such a cause, 
it often is advisable to have water 
tested for the quantity and nature of 
bacteria present. 

Artesian wells. Deep wells that 
have an abundant supply of water 
are called artesian wells. Some arte¬ 
sian wells overflow on the earth’s sur¬ 
face. Many, however, that are drilled 
and furnish a water supply for towns 
or cities require pumping. 

Figure 320 illustrates a situation 
favorable to the occurrence of arte¬ 
sian wells. Such a situation includes 
the following conditions: (1) A water¬ 
bearing formation of sandstone or 
some other porous material must be 
present. (2) The porous formation 
must outcrop or be exposed at the 


surface in a region of sufficient pre¬ 
cipitation to fill it with water. (3) 
The formation must dip slightly 
downward beneath a capping layer 
of some impervious rock, such as 
shale. (4) It must lead toward a re¬ 
gion where the land surface is lower 
than the exposed end of the porous 
formation. (5) There must be no free 
exit from the porous rock at an ele¬ 
vation lower than the region of the 
wells. A well drilled through the 
impervious layer and into the water¬ 
bearing formation taps a supply that 
is under pressure owing to the weight 
of the water that is backed up in the 
higher end of the porous formation. 

A large region of artesian wells is 
located in the northern Great Plains 
of the United States. There a series 
of water-bearing formations, espe¬ 
cially the Dakota sandstone (Fig. 
165), outcrop at considerable ele¬ 
vation near the Rocky Mountains 
and Black Hills. These formations 
dip eastward tinder suitable capping 
layers toward the lower plains. They 
yield artesian waters far out in the 
eastern part of the Dakotas. In gen¬ 
eral this water is pure but extremely 
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hard. The town of Artesian, South 
Dakota, was so named because of a 
number of flowing wells, many of 
which have now ceased to flow. 

The degree to which a water¬ 
bearing formation may be tapped de¬ 
pends much upon the quantity of 
water supplied by rain, especially 
where the porous rock outcrops. So 
many wells have been drilled into 
the Dakota sandstone that towns and 
cities thus supplied are giving much 
attention to economy in water usage. 

Other artesian regions that deserve 
mention are (1) the Paris basin in 
France, (2) the vast area lying west 
of the east Australian highlands, (3) 
central Argentina, and (4) the Atlan¬ 
tic coastal plain of the United States. 
There are many limited artesian 
structures and spring sites in Ameri¬ 
can dry lands, and in those of other 
countries as well, that furnish water 
for the irrigation of a few acres of 
crops in addition to that required for 
other uses. 

Conservation of ground water. Sev¬ 
eral factors bring about lowering of 
the water table. Some of these are 

(1) excessive pumping of ground 
water for city use or for irrigation, 

(2) the draining of lakes and swamps 
to provide more land for cultiva¬ 
tion, (3) removal of forests, and (4) 
drouths. 

Man has no control over drouths. 
The first three items, however, 
deserve serious consideration. In 
areas where much ground water is 
pumped, the depth of the water table 
should be watched closely. If the de¬ 
mands on the supply are excessive, 


the water table is likely to become 
steadily lower. Then communities 
and individuals must cooperate in 
reducing the amount of water used 
or in securing new supplies. 

Lakes act as basins in which to 
catch rain water and surface drain¬ 
age. Water from these basins seeps 
downward and replenishes the sup¬ 
ply of ground water. There are local¬ 
ities where men have drained nu¬ 
merous lakes and nearby swamps, 
and it is believed by some that such 
drainage may have caused a lowering 
of the water table. 

In contrast to this policy of sur¬ 
face drainage, the people in some 
communities, especially in semiarid 
lands, have been encouraged to build 
numerous earthen dams across small 
streams. These dams create hundreds 
of small ponds. Such ponds serve as 
(1) storage basins for surface drain¬ 
age, (2) a source of supply for ground 
water, and (3) watering places for 
livestock. 

Forests check the force of a heavy 
rain and retard the rapid runoff of 
water. More rain water will seep into 
the ground in a forested area than 
in one where trees are absent. 

Conservation of ground water also 
demands a careful watch over the 
causes of pollution. Care must be 
exercised in the disposal of sewage, 
the waste products of factories, and 
farm manures. 

SURFACE-WATER SUPPLY 

The surface waters of the earth in 
streams and lakes constitute a nat- 
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ural resource of great importance. 
This is because of their relation to 
the following: municipal water sup¬ 
ply, irrigation, hydroelectric proj¬ 
ects, inland navigation, flood control, 
soil erosion, and recreation. 

People who live in humid lands 
give little thought to the supply of 
water. They turn on the faucet, let 
the water run, and carelessly waste 
several gallons per day. Multiply this 
waste by millions of users, and the 
total is staggering. In arid and semi- 
arid lands, water is so valuable that 
efforts are made to reduce waste to 
a minimum. In many localities, both 
arid and humid, the surface waters 
are used for several of the purposes 
listed above. Hence strict laws are 
necessary to govern the amount of 
water that may be used for each pur¬ 
pose or the amount that may be used 
by different communities located on 
the same stream or lake. 

Municipal water supply. Of the 300 
principal cities of the United States, 
three-fourths are supplied with sur¬ 
face waters obtained from large lakes, 
rivers, or, more commonly, relatively 
small streams. 2 Generally, surface 
waters are not so hard as ground 
waters of the same region, because 
they are derived in part from the 
immediate runoff of rain water. 

During drouths the surface supply 
fails, and the streams, fed mainly 
by springs, have increased hardness. 
This works to the disadvantage of 
certain industries that require rela¬ 
tively soft water. Underground wa¬ 
ters are fairly clear as the result of 
filtration caused by seepage through 


rock materials. Surface waters, on the 
other hand, are likely to contain 
large quantities of sediment and or¬ 
ganic matter, including bacteria. For 
that reason many cities find it neces¬ 
sary to treat their water supplies for 
the destruction of bacteria and for 
the removal of sediment by some 
method of filtration. Chlorine gas is 
widely used for killing bacteria. 
Alum is added to dirty river water. 
It serves to increase the rapidity of 
sedimentation in settling basins and, 
therefore, to decrease the amount of 
filtration necessary. When one con¬ 
siders that many cities dump their 
sewage into large rivers whose waters 
are used by other cities farther down¬ 
stream, the necessity of excellent 
methods of purification and of daily 
bacteriological testings becomes evi¬ 
dent. 

The Great Lakes supply water for 
several cities. Chicago and Milwau¬ 
kee use water from Lake Michigan; 
Cleveland and Buffalo, from Lake 
Erie; Detroit, from Lake St. Clair; 
and Duluth, from Lake Superior. 
This lake water is relatively soft 
compared with the deep-well water 
of many middle-western towns. Some 
cities dump sewage and industrial 
wastes into the very lakes from which 
drinking water is secured. In some 
cases the sewage is treated chemically. 
Nevertheless, contamination results. 
This is detrimental to the fish re- 

2 National Resources Board. Report on 
National Planning and Public Works in 
Relation to Natural Resources , p. 330. Gov¬ 
ernment Printing Office, Washington, D. C., 
1934. 
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source of the lakes and demands 
more careful and expensive methods 
of purification of the water before it 
can be used as a city supply. The 
contamination or pollution of lake 
and river water presents one of the 
serious problems in the field of con¬ 
servation of natural resources. 

Waters for irrigation. The soils of 
arid lands generally are abundantly 
supplied with the mineral elements 
of soil fertility and require only wa¬ 
ter to make them productive. Ade¬ 
quate supplies of water are not easy 
to obtain, for the actual water re¬ 
quirement of crops is large. Also, 
much water is lost by seepage and 
evaporation in the course of getting 
it to the crops. 

To secure so much water,' every 
type of source is drawn upon. How¬ 
ever, surface waters provide most of 
the supply. Except in the monsoon 
countries of southeastern Asia, irri¬ 
gation is most practiced in lands that 
have less than 20 inches of average 
annual precipitation. 

The surplus rainfall of a large area 
is necessary to irrigate a small area, 
for the reasons mentioned above. 
From this fact it is necessary to con¬ 
clude that only a small part of the 
dry lands of the earth ever can be 
irrigated. Where ground water is 
used for irrigation, the dissolved 
minerals contained therein may in 
time make the soil unfit for agricul¬ 
tural use. Waters derived directly 
from mountain precipitation and the 
melting of mountain snows are par¬ 
ticularly free from this defect and 


are much employed in the irrigation 
of alluvial fans and nearby plains. 

Water-power production. The ca¬ 
pacity of water to do work is attained 
by virtue of the sun. Solar energy 
causes the winds that evaporate and 
transport water from sea to land. 
Then the water flows from land to 
sea under the force of gravity. 

The essential conditions required 
to produce water power are water 
and fall. A small volume of water 
falling a great distance may have the 
same capacity to do work as a large 
volume of water falling a short dis¬ 
tance. A small stream having consid¬ 
erable fall usually is capable of being 
more economically harnessed for 
power than is a large stream of low 
gradient. 

An ideal situation for water-power 
production might include the follow¬ 
ing conditions of physical environ¬ 
ment: 

1) The stream should (a) be of 
large size; (b) have a large drainage 
region, where rainfall is abundant 
and uniformly distributed through¬ 
out the year; and (c) be regulated in 
its flow by the presence of forests, 
swamps, or lakes. 

2) A precipitous fall is necessary 
in the lower course of the stream 
where the entire weight of the fall¬ 
ing water may be harnessed at low 
cost./ 

Land relief and water power. Us¬ 
able water-power sites at one time 
were limited to those available in 
regions where power was wanted. 
The power had to be used at the 
place of its production. Today much 
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water power is used for the genera¬ 
tion of electric energy. The two es¬ 
sential machines in any hydroelec¬ 
tric plant are (1) a water turbine, or 
enclosed water wheel, and (2) a dy¬ 
namo, or electric generator. Elec¬ 
tricity may be conveyed many miles 
over great transmission lines. This to 
some extent has made the place of 
power production independent of 
the place of its use. It is not yet eco¬ 
nomical, in most regions, to send 
electricity by wire more than 300 or 
400 miles. 

Most power sites are chosen be¬ 
cause of the benefit of some natural 
advantage such as waterfalls or nar¬ 
rows, which provide an economical 
location for a dam. Glaciated regions 
and mountain valleys furnish nu¬ 
merous sites for water-power devel¬ 
opment. Many of these are not used 
because of the distance from suit¬ 
able market. The construction of 
hydroelectric plants in the United 
States is increasing. They are located 
on advantageous sites and in many 
cases provide relatively cheap elec¬ 
tricity. 

Figure 321 shows the distribution 
of potential or possible water-power 
resources for the world. It will be 
noted that Africa outranks other con¬ 
tinents in this respect. This is chiefly 
because several large rivers descend 
in falls or rapids from the interior 
plateau to the coast. In North Amer¬ 
ica the glaciated western mountains, 
especially the Cascades, have the 
greatest water-power possibilities. 
Next in rank is the glaciated region 
of eastern Canada and northeastern 


United States. In Europe the glaci¬ 
ated highland regions of Scandinavia 
and the Alpine countries are out¬ 
standing; in Asia the southern slopes 
of the Himalayas and the hill region 
of China; and in South America the 
highlands of eastern Brazil and the 
slopes of the Andes Mountains. 

IRRIGATION AND HYDROELECTRIC 
PROJECTS 

The total area of irrigated lands 
in our western states is not great 
when compared with the total area 
of the states themselves (Fig. 322). 
Yet these irrigated regions produce 
great quantities of agricultural prod¬ 
ucts. Especially is this true in the 
Southwest where mild winter tem¬ 
peratures make crop production pos¬ 
sible the year round. In most of the 
irrigated areas, water is stored in 
large reservoirs by means of dams. 
The water is then released as needed. 
The dams also provide water power 
for the generation of electric energy. 

Figure 323 shows the location of 
the federal irrigation projects. Thou¬ 
sands of square miles of irrigated 
lands, however, are not connected 
with federal projects but are financed 
by states, cities, individuals, or 
groups of individuals. 

The waters of the Colorado River 
are used extensively for irrigation. 
This river has its source in Rocky 
Mountain National Park, northern 
Colorado. It has hundreds of tribu¬ 
taries, many of which are fed by the 
melting snows of the Rocky Moun¬ 
tains. The three major dams on the 
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Fig. 322. The relation of western irrigated lands to forested watersheds. (Courtesy U. S. Forest 
Service.) 


Colorado are Hoover Dam, on the than 100 million dollars and re¬ 
boundary between Arizona and Ne- quired about 5 years for completion, 
vada; Parker Dam, about 150 miles The lake formed by this great struc- 
farther south; and Imperial Dam, ture is Lake Mead and is about 115 
just north of Yuma, Arizona. miles long. At the dam are two spill- 

Hoover Dam . Hoover (Boulder) way tunnels, each having a diameter 
Dam, 727 feet high, is the highest in of 50 feet. 

the world (Fig. 324). It cost more Hoover Dam and Lake Mead illus- 
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Fig. 323. Western part of the United States, showing location of federal irrigation projects. 
(Courtesy U. S. Bureau of Reclamation .) 


trate how one project in the field of 
water conservation may serve several 
purposes. These are 

1) Flood control: The Colorado 
River in the past was a treacherous 


stream. Its floods formerly caused 
great damage. Now the floodwaters 
are stored in Lake Mead. 

2) Hydroelectric power: The elec¬ 
tricity generated at the dam is used 
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Fig. 324. Hoover (Boulder) Dam on the Colorado River, northwestern Arizona. The dam, which 
is more than 700 feet high, was completed in 1935. Lake Mead, formed by the dam, is about 
115 miles long. ( Courtesy U. S. Bureau of Reclamation 0 



Fig. 325. Poised on the roof of the Nevada wing of the power plant at Hoover (Boulder) Dam 
are the take-off structures for electric current. Electricity generated here travels as far west as Los 
Angeles, California, a distance of 250 miles. It is said that income from the sale of electricity 
will pay for the cost of the dam in about 50 years. (Courtesy U. S. Bureau of Reclamation .) 
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over a large area (Fig. 325). Trans¬ 
mission lines carry it to Los Angeles. 
Power generation was begun Sep¬ 
tember 11, 1936, when President 



Fig. 326. A section of country where water is 
the all-important element of environment. The 
electric transmission line from Hoover (Boulder) 
Dam to Los Angeles, the aqueduct from Parker 
Dam to Los Angeles, the All-American Canal 
in Imperial Valley, and the Laguna Dam from 
which canals carry irrigation water to land 
around Yuma are shown. Just north of Salton 
Sea are the San Bernardino Mountains; and 
north of them, in the vicinity of Barstow, is the 
Mojave Desert. (Courtesy U. S . Department of 
the interior.) 

Franklin D. Roosevelt in Washing¬ 
ton pushed a key that started the 
first generator. The location of 
Hoover Dam is typical of many hy¬ 
droelectric plants in that it is far 
from the densely populated areas 
that it serves. The necessary long¬ 
distance transmission lines are costly. 

3) Irrigation: Lake Mead serves as 
an enormous reservoir for storing ir¬ 
rigation water. 


4) Consermtion of wildlife: Lake 
Mead is well stocked with fish and is 
a haven for numerous wild fowl. 

5) Recreation: The region has be¬ 
come a recreational area of consider¬ 
able importance. 

Parker Dam. About 15 miles north 
of Parker, Arizona, is Parker Dam. 
From the reservoir formed by this 
dam, the water of the Colorado 
River is taken to Los Angeles and 
other cities in a large aqueduct. This 
aqueduct is about 250 miles long. In 
several places it passes through tun¬ 
nels. The route of the aqueduct is by 
no means a level one. Therefore it is 
necessary to lift the water at a num¬ 
ber of points. This is accomplished 
by powerful pumps driven by motors 



Fig. 327. A large irrigated field of winter 
lettuce, not far from Phoenix, Arizona. Lettuce 
and vegetables, grown during the winter 
months, find a ready market in the northern 
cities of the United States. (Courtesy U. S. 
Bureau of Reclamation .) 
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Fig. 328. A herd of Hereford cattle pasturing on irrigated lands near Phoenix, Arizona. Feeding 
beef cattle in winter is an important industry in the Salt River Valley, Arizona. Alfalfa is the 
principal hay crop. (Courtesy U. S. Bureau of Reclamation.) 


that use dec trie energy from Hoover 
Dam. 

Imperial and Laguna dams. Just 
north of Yuma, Arizona, are the Im¬ 
perial and Laguna dams. The All- 
American Canal carries irrigation 
water from the Imperial Dam to Im¬ 
perial Valley (Fig. 326). Other canals 
carry water to irrigated lands east 
and south of Yuma. Mild winters in 
this region make crop, production 
possible the year round, and the va¬ 
riety of crops is great. Alfalfa, valu¬ 
able as hay, is generally cut four or 
five times per year. Cotton is a major 
crop. Others include winter vege¬ 
tables, lettuce, melons, small grains, 


grapefruit, grapes, and figs. This is a 
region where shade temperatures 
may range from 20° to 120°F during 
the year and where annual rainfall 
is about 3 or 4 inches. It is also that 
part of the United States which ex¬ 
periences the highest percentage of 
possible sunshine. 

Salt River project. In south central 
Arizona, in the vicinity of Phoenix, 
are the extensive and highly produc¬ 
tive irrigated lands of the Salt River 
project. The irrigable land totals 
some 240,000 acres. Water is im¬ 
pounded by several dams on the Salt 
River. The oldest of these is the 
Roosevelt Dam, completed in 1911. 
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To conserve the flood waters of the 
Verde River, the Bartlett Dam has 
been built about 25 miles above the 
point where it joins the Salt River. 
The crops produced in this region 
are similar to those of the Yuma-Im¬ 
perial Valley area Tigs. 327, 328). 



Fig. 329. The state of Washington. Ultimately 
most of the area inside the dotted line will 
be irrigated by water impounded by the Grand 
Coulee Dam. Much of the Yakima Valley is 
irrigated. The waters of the Snake River are 
used for irrigation in Idaho. Note the location 
of Bonneville Dam. Mounts Baker, Rainier, and 
Adams are three high peaks of the Cascade 
Range. It is through this mountain range that 
the Cascade railway funnel, east of Seattle, 
has been drilled. 

The dams provide an abundance of 
hydroelectric power. 

Grand Coulee and Bonneville dams.. 

Two well-known dams are located on 
the Columbia River (Figs. 329, 330). 
Grand Coulee is in central Washing¬ 
ton, and Bonneville is a short dis¬ 
tance upstream from Portland, Ore¬ 
gon. 

The Grand Coulee Dam is the 
largest man-made structure in the 
world. It contains enough concrete 
to make two 16-foot highways from 
the Pacific to the Atlantic Ocean. It 


is not so high as Hoover Dam, yet it 
is 2 y 2 times greater in volume. The 
waters impounded will be used to 
generate electricity and to irrigate 
a large area lying south of the reser¬ 
voir. In this region the frost-free 
period is about 160 days. During the 
irrigation season from April to Octo¬ 
ber the days are hot and nights cool. 
Annual rainfall is about 8 inches. 
This region is adapted to general 
farming. Important crops are hay, 
grain, fruits, and vegetables. 

Bonneville Dam, unlike the Grand 
Coulee, was built mainly to improve 
navigation on the lower Columbia 
River and to provide hydroelec¬ 
tric power. Since great numbers of 
salmon spawn in the upper reaches 
of the Columbia River, provision 
had to be made whereby the fish 
could get around the dam. This is 
accomplished by a “ladder,” or step¬ 
like series of concrete basins. 

Tennessee Valley. The Tennessee 
Valley Authority, or TVA, is chiefly 
a federal project (Figs. 331, 332). 
The authority was created by Con¬ 
gress in 1933 and later amended in 
1935. The work is administered by 
a board of directors consisting of 
three men appointed by the Presi¬ 
dent of the United States. 

The Tennessee River is much 
larger than any other tributary of 
the Ohio River. It is located in a 
region that has an annual average 
rainfall of 45 to 50 inches and where 
the maximum has reached 70 to 80 
inches. In past years heavy down¬ 
pours of rain in the Tennessee Val¬ 
ley have resulted in disastrous floods 
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and excessive soil erosion. The high 
waters of the Tennessee River also 
have contributed to floods in the 
Ohio and Mississippi valleys. 

Because of lower latitude, the 
growing season in this area is con¬ 
siderably longer than in such corn- 
belt states as Iowa and Nebraska. 
Climatically, this is a much favored 
region from the standpoint of agri¬ 
cultural production. 

The chief purpose of the Tennes¬ 
see Valley Authority is to develop the 
water resources of the valley. This 
work includes the building of 26 
dams, together with necessary locks 


and hydroelectric plants (Fig. 333). 
These projects serve the following 
functions: flood control, improve¬ 
ment of river navigation, develop¬ 
ment of electric energy, control of 
erosion along river banks. 

In addition to these functions, the 
Tennessee Valley Authority has in 
its program other types of work, 
which include (1) control of soil ero¬ 
sion (on badly-eroded hill slopes this 
is accomplished by the planting of 
trees, shrubs, and grasses); (2) im¬ 
provement of soil fertility by proper 
rotation of crops and by employing 
better methods of general farming; 



Fig. 330. At the time this photograph was made, all 11 drum gates at the crest of the Grand 
Coulee Dam were lowered sufficiently to allow water to plunge over the spillway, creating the 
first full waterfall of the season. The reservoir was at elevation 1277, 13 feet below the maximum, 
and the flow of water over the spillway was approximately 35,000 cubic feet per second. As 
30,000 cubic feet per second was passing through the turbines of the west powerhouse, the total 
stream flow on this occasion was 65,000 cubic feet per second. (Courtesy U. S, Bureau of 
Reclamation .) 





PROFILE OF THE TENNESSEE RIVER 


Fig. 331. The chain of dams and lakes that harness the Tennessee River and its tributaries from 
the alluvial plains of western Kentucky to the Great Smoky Mountains of eastern Tennessee and 
western North Carolina. Draining an area of 40,910 square miles in seven states, the Tennessee, 
with its 26 multipurpose dams providing flood control, navigation, and power, is the most com¬ 
pletely developed river system in the world. (Courtesy Tennessee Valley Authority.) 



Fig. 332. Wilson Dam, in northern Alabama, aids navigation by eliminating 15 miles of shoals, 
converts the power of falling water into electricity, and serves industry. Started during World 
War I and completed in 1925, it is 137 feet high and 4860 feet long, with a reservoir area 
of about 16,100 acres extending 15 miles up the Tennessee River to Wheeler Dam. This project, 
now under the supervision of the Tennessee Valley Authority, has generating equipment with a 
capacity of 184,000 kilowatts. (Courtesy Tennessee Valley Authority .) 
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(3) manufacture and sale of commer¬ 
cial fertilizers; (4) manufacture of 
chemicals needed in the munitions 
industry. 



Fig. 333. Completion of the TVA system of 
dams has provided a commercially useful navi¬ 
gation channel on the Tennessee River from 
Paducah, Kentucky, to Knoxville, Tennessee, 
adding 650 miles to the deep-water inland 
waterway system of the United States. Loaded 
oil barges, destined for an upstream terminal 
on the Tennessee River, are shown entering 
the navigation lock at Guntersville Dam near 
Guntersville, Alabama. Coal and coke, pig 
iron, grain, and forest products are other com¬ 
modities now moving in bulk on the river. 
(Courtesy Tennessee Valley Authority.) 

The Tennessee Valley Authority 
has been a controversial enterprise. 
Some argue that it is “government 
in business/ 9 They say that taxes col¬ 
lected from the entire country should 


not be used to develop a small re¬ 
gion. Also, that the sale of cheap 
electricity from government-owned 
projects is unfair to private utility 
companies engaged in the generation 
and distribution of electric energy. 
Their opponents say that govern¬ 
ment money is used to develop many 
sections of the country, not just one. 
They point out that these great proj¬ 
ects reduce unemployment. And they 
quote statistics to prove that lower 
rates have greatly increased the con¬ 
sumption of electric energy, which 
in turn makes for a higher standard 
of living. 

Keokuk and Bagnell projects. The 

Keokuk Dam is one of several that 
have been built across the upper 
Mississippi River. Located at Keo¬ 
kuk, in southeastern Iowa, it serves 
three purposes: (1) generation of 
electric energy, (2) flood control, and 
(3) improvement of river navigation. 
Electricity from the Keokuk project 
is used in much of the surrounding 
region. It is carried by transmission 
lines as far south as St. Louis. 

The Bagnell Dam is located on the 
Osage River, about 40 miles south¬ 
west of Jefferson City, Missouri. The 
lake formed by this dam, called The 
Lake of the Ozarks, is one of the 
largest artificial lakes in the world 
(Fig. 334). It is more than 100 miles 
long and has a shoreline of some 
1200 miles. This extensive shoreline, 
much greater than that of Lake 
Mead, is due to the sharp meanders 
of the Osage River and to the numer¬ 
ous tributary valleys (Fig. 335). Lo- 




Fig. 334. Bagnell Dam and the Lake of the Ozarks. (Courtesy Union Electric Co.) 



Fig. 335. The Lake of the Ozarks, southern 
Missouri. The 1200-mile shoreline of this lake 
results largely from the flooding of numerous 
tributary valleys. 



Fig. 336. Niagara Falls, in western New York, 
is an important source of hydroelectric power. 
(Courtesy Buffalo Niagara Electric Carp.) 
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cated in the wooded Ozark hills, this 
beautiful lake has become a promi¬ 
nent pleasure resort and represents a 
commendable use of water resources. 
Transmission lines carry electric cur¬ 
rent from Bagnell Dam to St. Louis. 
Keokuk and Bagnell are controlled 
by a private utility company. 

Niagara Falls. Niagara Falls pro¬ 
vide an example of one of the most 
valuable water resources in the world 
(Fig. 336). The Niagara River has 
great volume and uniform flow. The 
water is relatively free from sedi¬ 
ment, because it is the overflow of 
great settling basins, Lake Erie and 
the other Great Lakes. The drop at 
the falls is about 160 feet. Hydro¬ 
electric plants have been built on 
both the Canadian and the American 
sides of the river. Some are below the 
falls; others, above. The total amount 
of electric energy generated is enor¬ 
mous. 

OTHER USES OF SURFACE WATERS 

Streams for inland navigation. In 

nearly all parts of the world, except 
in deserts and on mountains, streams 
are used as avenues of interior trans¬ 
portation (Fig. 337). The great ad¬ 
vantage of river transportation is its 
low cost. This is due to the rela¬ 
tively small amount of power needed 
and the great quantity of freight that 
can be moved in one shipment. A 
single tugboat moves upstream or 
downstream with several modern 
steel barges loaded with various com¬ 
modities (Fig. 338). These commodi¬ 


ties consist largely of bulky materials, 
such as coal, lumber, grain, or build¬ 
ing materials, that do not necessarily 
demand the fast shipment provided 
by railroad or truck. 

Huge sums of money have been 
spent on certain rivers, such as the 
Rhine, Mississippi, and Missouri, to 
develop straighter and deeper chan¬ 
nels. The Amazon, on the other 
hand, is so deep that fair-sized ships 
ascend its waters for some 2000 miles. 
An important river from the stand¬ 
point of commerce is the Yangtze, 
which is the principal means of ship¬ 
ping goods to and from the far in¬ 
terior of China. 

River transportation suffers, how¬ 
ever, from the following defects: (1) 
The depth of water may fluctuate 
considerably during the year. (2) The 
channel may shift from time to time 
or be obstructed by sandbars. (3) 
Where winters are severe, ice may 
cause navigation to cease for several 
months. (4) It is sometimes difficult 
to build the necessary facilities for 
handling freight on the banks of a 
shifting river. (5) The movement of 
river craft is comparatively slow. 

Most people agree that the great 
rivers of the United States, and of 
the world, should be harnessed to 
serve mankind in a far more efficient 
manner than in the past. Regardless 
of arguments pro and con, it is now 
a recognized fact that the develop¬ 
ment of the Tennessee River ranks 
today as one of the outstanding engi¬ 
neering feats of all time. It is only 
logical to assume that other great 
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Fig. 337. Navigable waters of the Mississippi Valley and Gulf of Mexico. (Courtesy Mississippi 
Valley Assn., St. Louis, Mo.) 


river systems will be developed in a and erosion are causing losses that 
like manner. Either the TVA method total many millions of dollars, 
of development should be employed, Lakes for inland navigation. The 
or some other method equally effi- use of the large lakes or inland seas 
cient. Meanwhile, disastrous floods of the world for navigation presents 
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Fig. 338. Modern river transportation on the Ohio River. A single tugboat is shown moving several 
barges loaded mainly with steel products. ( Courtesy U. S. Army Engineers.) 


less difficult problems than does the 
use of rivers. Some are closed by ice 
part of the time, but not many are 
troubled by variable depths or ob¬ 
structed channels. 

Owing to their fortunate position 
between the principal iron-ore and 
coal regions of the continent, the 
Great Lakes of North America have 
been developed into one of the most 
effective routes of transportation in 
the world. They have played a large 
part in the historical and industrial 
development of the region in which 
they lie. Although there is not the 
same opportunity for special service 
in other regions, some of the lakes of 
other continents serve the transpor- 
tational needs of their regions well. 


Among the most used arc the three 
great lakes in eastern Africa, Vic¬ 
toria, Tanganyika, and Nyasa; and 
the Caspian Sea and Lake Baikal in 
Asia. 

Lakes and streams for recreation. 

To most persons a visit to a lake or 
stream affords a pleasant diversion 
from the daily routine. The exhila¬ 
rating sports found in swimming, 
fishing, and various forms of boating 
serve as an attraction so strong that 
large numbers of people make at 
least a brief annual trip to some body 
of inland water for purposes of recre¬ 
ation. In recent years the building of 
good roads and the conveniences af¬ 
forded by the automobile have per¬ 
mitted a widespread gratification of 
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this desire. As a result, large amounts 
of money are spent by vacationists, 
and the lakes and streams that attract 
them have become physical assets of 
great value to the regions in which 
they lie. 

The greatest number of attractive 
lakes is found in regions of glacia¬ 
tion. Some are the morainal lakes of 
regions of glacial deposition, but the 
larger number is found in regions of 
ice scour or of ice scour with asso¬ 
ciated morainal damming. It often 
happens also that the conditions of 
ice scour that are responsible for the 
lakes have conspired with climate to 
render the surrounding land of low 
agricultural value. This in turn has 
tended to keep the region in a for¬ 
ested or wild condition which in¬ 
creases the attractiveness of the lakes 
and their recreational value. 

Lake-dotted areas are found in 
mountain, hill, and plain lands alike. 
The glacial lakes of the Alpine coun¬ 
tries, Rocky Mountain region, high 
Sierras, or southern Andes add moun¬ 
tain scenery to their attractiveness. 
More accessible are the lakes of the 
hill lands of New England and the 
Adirondack Mountains of New York. 
Thousands of lakes in the plains of 
the Great Lakes region, eastern Can¬ 
ada, Scandinavia, Finland, and Ger¬ 
many draw ever larger numbers of 
people to their shores. They consti¬ 
tute a resource worthy of studied con¬ 
servation and development. 


SUMMARY 

Nature has endowed the earth 
with many natural resources of tre¬ 
mendous value to man. The conser¬ 
vation of these resources demands 
serious and constant attention. 

The ground-water supply is en¬ 
dangered by overusage and by pollu¬ 
tion. Surface waters, especially in 
rivers and lakes, furnish many cities 
with ample supplies of water. Such 
waters in some places are being con¬ 
taminated by sewage disposal and by 
the waste products of industrial es¬ 
tablishments and mines. Both sur¬ 
face and ground waters are used for 
irrigation. Hundreds of millions of 
dollars have been spent in the con¬ 
struction of great dams that create 
huge reservoirs of water to be used 
for irrigation and hydroelectric 
power. 

Enormous sums of money have 
been spent in improving the rivers 
of the United States for navigation. 
Whether or not these expenditures 
are justified is a debatable question. 

The Great Lakes constitute the 
greatest inland waterway in the 
world-. 

The growth of native plants in 
the various regions of the world is 
much influenced by the amount and 
seasonal distribution of rain. Chap¬ 
ter 16 deals with the natural vegeta¬ 
tion resources of the earth and with 
associated animal life. 
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QUESTIONS 

1. Write a definition of natural resources. 

2. What are the classes of natural resources? Give examples of each. 

3. How are natural resources classified according to their permanency? 
Give examples of each. 

4. What do you think is meant by the conservation of natural resources? 

5. Mention five important uses of water. 

G. What is the daily per capita consumption of water in Chicago? What 
is it in your community? 

7. From what sources may large supplies of water be secured? 

8. What are the principal sources of water supply for large cities? What 
is the principal source in your city? 

9. Define water table. 

10. How does the depth of the water table below the earth’s surface vary 
during wet and dry weather? 

11. What three factors largely determine the supply of ground water in 
any given locality? 

12. What rock is notable for its ability to carry ground water? Why? 

13. Why do sulfur and iron sometimes make ground water unfit for use? 

14. What are the most abundant soluble salts found in ground water? 

15. What causes alkali water? 

16. What is hard water? What are some of its objectionable qualities? 

17. What underground conditions may result in the formation of a 
spring? a hot spring? 

18. Locate the regions where unusually large springs occur. 

19. Locate several health resorts that make use of either mineral or hot 
springs or both. 

20. Why do some dug wells have only temporary supplies of water? 

21. What care should be exercised in selecting a location for the drilling 
of a deep well? 

22. What is an artesian well? What five conditions are favorable to the 
occurrence of artesian wells? 

23. Explain the underground rock formations responsible for the many 
artesian wells of South Dakota. 

24. Locate several noted artesian regions. 

25. Mention several conservation measures that pertain to ground water. 

26. Mention six or seven ways in which surface waters are important to 
man. 

27. In general, which is harder, ground water or surface? Why? 
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28. Surface water, such as river water, usually must be given what treat¬ 
ment before it can be used? 

29. What are several objections to the dumping of city sewage into rivers? 

30. How is the water of the Great Lakes being contaminated? 

31. In what two ways is much irrigation water lost before it can be used? 

32. Only a small part of the dry lands of the earth ever can be irrigated. 
Why? 

33. What are two or three objections to using the ground-water supply 
for irrigation? 

34. What conditions contribute to an ideal situation for water-power 
production? 

35. What are the two essential machines in a hydroelectric plant? 

3f). Why can hydroelectric plants be built many miles from the locality 
where the electricity is to be used? 

37. What determines the location of most water-power sites? 

38. State several facts concerning the world distribution of water-power 
resources. 

39. Name and locate the three principal dams on the Colorado River. 

40. What five functions do Hoover Dam and Lake Mead serve? 

41. Why are the irrigated lands of the Yuma district and Imperial Valley 
extremely productive? Mention several important crops. 

42. Locate the Grand Coulee and Bonneville dams. What are the pur¬ 
poses of these projects? 

43. What are the four principal purposes for which the Tennessee Valley 
Authority was created? 

44. Mention two or three arguments for and against the Tennessee Val¬ 
ley Authority project. 

45. Locate Keokuk and Bagnell dams. Account for the extensive shore¬ 
line of the Lake of the Ozarks. 

46. What are some advantages of Niagara Falls from the standpoint of 
developing hydroelectric power? 

47. What are two advantages of river transportation? What commodities 
especially are shipped via rivers? Why? 

48. For how many miles is the Amazon River navigable? 

49. What river is an important transportation artery of China? 

50. Mention several objections to river development. 

51. How have the Great Lakes of North America contributed to com¬ 
mercial and industrial development in that region? 

52. Locate the following lakes: Victoria; Tanganyika; Nyasa; Baikal. 

53. Mention five regions where attractive lakes suitable for recreational 
purposes are found. Why are they found mainly in glaciated regions? 
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SUGGESTED ACTIVITIES 

1. If possible, make field trips to observe and study wells, springs, arte¬ 
sian wells, or water-supply methods of the local community. On such trips 
inquire about the position or depth of the water table. 

2. Find out about the water used in your city. What is its source? How 
is it treated before being delivered to the people for consumption? Is it 
hard or soft? If it is hard, find out the cost of equipment necessary to change 
it to soft water. How much water is consumed daily by the city? How does 
daily consumption vary with the seasons? 

3. Using a small sand table, arrange layers of sand and clay in such a 
manner that the occurrence of hillside springs and artesian wells will be 
illustrated. 

4. On a large wall outline map of the United States use different colors 
or symbols to show major regions of big springs, artesian wells, hot springs, 
and the location of a few major irrigation and hydroelectric projects. 

5. If possible, secure, perhaps from the physics department, a small 
water turbine and dynamo so that you may see the two principal machines 
used in hydroelectric projects. 

fi. Make a trip of several miles around the local community, and note 
the location of deep wells. Do you find any whose waters might be polluted 
by underground seepage? 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 

1. The Water Supply of the Local Community 

2. Health Resorts in the United States Dependent upon Hot Springs 
and Mineral Springs 

3. Artesian Waters of the Atlantic Coastal Plain 

4. Artesian Wells in North and South Dakota 

5. The Water Supply for New York City 

6. Pollution of Inland Waters 

7. Irrigation in the Vicinity of Yuma, Arizona 

8. The Hoover Dam Project 

9. The Grand Coulee Project 

10. Modem River Transportation in the United States 
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CHAPTER 16. 


Native Vegetation 
and Animal Life 


Among the natural resources of the 
earth, few are more important than 
native vegetation and associated ani¬ 
mal life. To be sure, certain native 
plants and animals have been modi¬ 
fied and improved by man’s scien¬ 
tific methods. Nevertheless, remain¬ 
ing natural forests are our principal 
source of lumber; natural grass-cov¬ 
ered areas are valuable grazing lands; 
and native animals of land and sea 
are sources of food, skins, and fur. 

More and more, attention must be 
given to the conservation of these 
natural resources. Such conservation 
may involve one or all of the fol¬ 
lowing: (1) the sensible and eco¬ 
nomic consumption of resources now 
existing, (2) the protection of certain 
animals and plants almost extermi¬ 
nated by man, and (3) the replenish¬ 
ing of supplies of natural resources 
wherever possible for the use of fu¬ 
ture generations. 

One needs to think only of the 
enormous daily consumption of lum¬ 
ber to realize the terrific drain on 
natural forests and the necessity of 
reforestation. The plowing of native 
grasslands in certain sections of semi- 


arid United States has had a twofold 
detrimental effect: The natural graz¬ 
ing land has been ruined, temporar¬ 
ily if not permanently, and the loose 
soil has been whipped up by the 
wind and carried away in duststorms. 
Wise governmental supervision or 
regulation of man's use of natural 
resources is an absolute necessity, be¬ 
cause man’s desire for individual 
profit too often completely destroys 
any thought of the needs of future 
generations. 

Plant life reflects environment. Na¬ 
tive vegetation is mainly a reflection 
of climatic conditions, both past and 
present. Other environmental fac¬ 
tors, such as soils, landforms, and 
drainage, are also important modi¬ 
fiers of the plant cover. Certain types 
of vegetation are associated with cer¬ 
tain climates. An example is the 
short grass of the middle-latitude 
steppes. 

Native vegetation often has been 
helpful in determining the value of 
a region for human use. The suit¬ 
ability of virgin soil for certain types 
of land use and crops is often clearly 
indicated by the vegetation cover. In 
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this chapter' we shall give our atten¬ 
tion to (1) the principal plant groups, 
(2) their relationships to environ¬ 
mental conditions, and (3) their 
world distribution. 

Animal life. It is impossible to 
classify animals in terms of environ¬ 
ment, as one classifies plants. Plants 
cannot move about as animals do. 
They therefore must adapt them¬ 
selves to their environment by their 
forms and structures. Animals can, 
within certain limits, change their 
environment by migrating or bur¬ 
rowing. The plant is a captive of its 
environment and is compelled to 
wear the evidences of its captivity by 
exhibiting certain structural forms 
where everyone may see them. Ani¬ 
mals, on the other hand, adjust them¬ 
selves to their physical surroundings 
by what they do, rather than through 
their structures and forms. No at¬ 
tempt is here made to classify ani¬ 
mals into great groups, as is done for 
plants; however, brief comments oc¬ 
casionally are made concerning the 
representative animal life associated 
with certain vegetation groups. 

PLANT ASSOCIATIONS, OR GROUPS 

Most of us have observed that the 
plant 'life in swamps differs markedly 
from the vegetation cover of higher 
and drier ground. This example, of 
course, involves small areas. How¬ 
ever, similar environments over great 
areas in widely separated parts of the 
earth are likely to have plant covers 
that are much alike in general aspect. 
This is true even though the plants 


are not composed of identical species. 
Thus the tropical rainforest of the 
Amazon basin and the Congo, sep¬ 
arated by wide expanses of ocean, 
are, nevertheless, relatively similar 
in general appearance and type of 
plants. So are the prairie lands of 
Argentina, the United States, and 
Hungary (Fig. 339). 

Temperature and water. Unlike 
many animals, plants do not gener¬ 
ate heat. Because of this, their very 
existence and their characteristics are 
greatly influenced by the tempera¬ 
ture of the air and soil. For every 
species of plant there appear to be 
three critical temperatures: (1) the 
lower and (2) upper limits, beyond 
which it cannot exist, and (3) the 
best temperature, the one in which 
it grows most vigorously. 

Different species resist cold in dif¬ 
ferent ways. Some make the adjust¬ 
ment. by retarding growth. Such may 
be shown by the falling of leaves 
from middle-latitude deciduous trees, 
such as the oak, elm, and maple. 
Certain other plants, represented by 
coniferous trees, such as pine and 
spruce, relapse into a dormant, or in¬ 
active, period without any apparent 
outward change. In some species the 
plant completes its entire life cycle 
during the warm season, reproduc¬ 
ing itself by means of seeds. These 
are called annuals and are repre¬ 
sented by many vegetables and ce¬ 
reals. They stand in contrast to per¬ 
ennials, such as trees, grass, and al¬ 
falfa, the vegetative parts of which 
live on year after year. 

No plants can live entirely with- 
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Fig. 339. World distribution of the principal types of vegetation. 
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out water. It is taken in at the roots 
and is used by the plant in the for¬ 
mation of sap. Mineral matter in so¬ 
lution in sap is carried to all parts of 
the plant. 



Fig. 340. The General Grant tree, Kings Canyon 
National Park, California. This tree, 40 feet in 
diameter, is an example of one of the most 
magnificent trees in the world, the giant se¬ 
quoia. Some sequoias are more than 3000 
years old and reach heights of 250 feet or 
more. (Photograph by M. H. Shearer .) 

Certain water-loving plants live in 
water or in very damp and humid 
regions. Their stems are generally 
long and relatively fragile; leaves are 
large and usually thin; roots are 
likely to be shallow. The banana 
tree, characteristic of the wet tropics, 
is an example of such plants. 

At the opposite extreme are drouth - 


resistant plants. Such plants have deep 
or widespread root systems, shorter 
stems, with smaller and thicker leaves 
sometimes covered with wax to check 
the loss of water into the air. In some 
species a thick, corky bark may de¬ 
velop; in others leaves may be re¬ 
placed by thorns. The desert sage¬ 
brush is a good example of a drouth- 
resistant plant. 

In some climates certain plants are 
adapted to the use of considerable 
water during a wet season but de¬ 
velop drouth-resistant characteristics 
during a dry season. Bunch grass, 
scrub oak, sumac, and the wild lilac 
of the California chaparral are ex¬ 
amples. 

Soils. Temperature and water are 
the two principal physical elements 
that determine the character of the 
earth’s vegetation. Some modifica¬ 
tions, however, may be caused by 
soils of different types. Sandy or stony 
soils, which are very porous, are 
likely to develop drouth-resistant 
plants. Excessive salt in a soil may 
entirely prevent plant growth. A pro¬ 
portion of over 3 percent of lime in 
soil is likewise injurious to most vege¬ 
tation. Alkali soils are barren or, at 
best, produce a very scanty vegeta¬ 
tion. 

Principal classes of vegetation. We 

shall give our attention to three prin¬ 
cipal classes of natural vegetation: 
(1) forests, (2) grasslands, and (3) 
desert shrub, including tundra. In 
general, forests occupy the regions 
of wettest climate; and desert shrub, 
the driest; whereas grasses are inter¬ 
mediate in their requirements. 
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Forests. In the woodland or forest 
the tree is the essential plant (Fig. 
340). Other woody plants, such as 
bushes and shrubs, together with 
grasses, may be present as well. The 
tree is not only the most powerful 
but also the most exacting creature 
of the vegetable kingdom. When 
trees grow in a closed formation and 
are so close together that their 
crowns touch, the result is a genuine 
forest. 

Three ways of classifying trees 
should be kept in mind: (1) soft¬ 
wood or hardwood, (2) needle leaf 
or broadleaf, (3) deciduous or ever¬ 
green. 

Most broadleaf trees are hard¬ 
woods; the needle trees, such as 
pines, are softwoods. Evergreens are 
those which retain some foliage 
throughout the year, whereas decidu¬ 
ous trees periodically lose their leaves 
and are therefore bare for a portion 
of the year. Hardwoods are both 
evergreen and deciduous, although 
the conifers are rarely deciduous. 

Forests require more water than 
the other great vegetation types. 
Strong, dry winds which cause exces¬ 
sive evaporation are harmful to tree 
growth. A good forest climate is one 
with a warm vegetative season, a con¬ 
tinuously moist subsoil, and low wind 
velocity, especially in winter. 

Grasslands. The vegetation cover 
of grasslands consists principally of 
perennial grasses, although other 
plants may be present in considerable 
numbers. In the low latitudes, grass¬ 
lands often are called savannas; in 
the middle latitudes they go by the 


names of prairies and steppes . Grass¬ 
lands in wet and poorly drained areas 
are called meadows . 

Since most grasses are relatively 
shallow rooted, they suffer from pro¬ 
longed drouth if it coincides with the 
warm period or growing season. Dur¬ 
ing the resting period, which is win¬ 
ter in middle latitudes, grasses can 
endure great drouth with little in¬ 
jury. Climatically, then, grasslands 
are typical mainly of semiarid re¬ 
gions where most of the rain falls 
during the warm season. 

Desert shrubs. As far as plant life 
is concerned, deserts are of two types. 
One is represented by the hot Sahara, 
where little water is present in any 
form. The second is the cold desert 
of polar regions, frozen much of the 
year. Here the water that is present 
is in the form of snow and ice for 
many months and is not accessible to 
plants. In both types of desert, how¬ 
ever, lowly, widely spaced, drouth- 
resistant plants predominate. 

Rarely are there sharp boundaries 
separating woodland, grassland, and 
desert, but almost always we find 
gradual transitions, or changes, from 
one to the other. 

LOW-LATITUDE FORESTS 

Tropical rainforest. Tropical rain¬ 
forest occupies mainly the warm 
tropical lowlands where rainfall is 
heavy and well distributed through¬ 
out the year, with no marked dry 
season. The Amazon basin, in north¬ 
ern South America, and west central 
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Fig. 341. Aerial view of tropical rainforest, with clearing, in the Amazon basin. (Courtesy 
Hamilton Rice Expedition .) 


Africa are the two largest areas of 
tropical rainforest. It is found also 
along many rainy coasts and islands 
in the tropics. 

Luxuriant and complex! Such is 
the character of the tropical rainfor¬ 
est (Fig. 341). In external appearance 
it presents a richly varied combi¬ 
nation of many colors. Gray, olive, 
brown, and yellow tints are more 
common than the fresh green of 
middle-latitude woodlands. The sky¬ 
line, too, is different. The crown of 
the tropical forest is irregular and 
jagged with many crests and furrows. 
This comes from the great variety of 
trees of varying heights. No other 
forest equals it in richness of species. 
These are intricately intermingled. 
Seldom is there a large stand of a 
single kind of tree, as is usually the 
case in forests of middle latitudes. 


Tropical rainforest is evergreen 
broadleaf in character. There is no 
general dormant period, each tree 
shedding its foliage as the new leaves 
grow (Fig. 342). Just as the climate 
is without seasonal change, the vege¬ 
tation is likewise. As a result of the 
continuousness of the addition and 
fall of leaves, the forest is never bare 
and without foliage. Leaves are usu¬ 
ally broad and thin, and needle trees 
are seldom seen. 

An internal view shows the tropi¬ 
cal rainforest to be composed of tall 
trees, often over 100 feet high, with 
large diameters, growing close to¬ 
gether. It is not a “single-storied” 
forest, because there is usually an 
“understory” of smaller trees. The 
result is a dense shade with very sub¬ 
dued light underneath. In the Congo 
forest, Shantz found that the time 
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required for a photograph (Fig. 343) 
was 20,000 times the normal expo¬ 
sure in the open. 

The trees have few lower branches, 
and their trunks are smooth, resem¬ 
bling a conifer more than an oak. 
Lianas, climbing plants, epiphytes, 
and parasites are relatively abun¬ 
dant. 1 This mass of vines and 
creepers appears almost to suffo¬ 
cate the trees that are its supports. 
Within the forest the tall, branchless 
trunks resemble gigantic dark col¬ 
umns supporting an almost impene¬ 
trable cover composed of the inter¬ 
locking crowns of the trees, vines, 
and creepers. 

In the virgin forest, because of 
deep shade, undergrowth is not ex¬ 
tremely dense. However, it is often 
sufficient to obstruct distant views. 
In regions of deepest shade, only a 
thick mat of herbs or ferns covers the 
floor, so that one can proceed in all 
directions without following paths or 
even chopping new ones. 

Typical jungle conditions, with 
a thick and impenetrable under¬ 
growth, chiefly are characteristic of 
sections where light reaches the for¬ 
est floor. They may be observed along 
rivers and coasts, on steep wet slopes, 
and in abandoned agricultural clear¬ 
ings (Fig. 341). Largely because of 
the abundant moisture in the surface 
soil, tropical rainforest trees are shal¬ 
low rooted, their great trunks com¬ 
monly being held upright by giant 
supporting roots. 

Animal life of the tropical rain¬ 
forest varies in kind and abundance 
from one region to another. In the 


crown of the forest, where there is 
an abundance of food a great variety 
of birds and some climbing animals, 
such as monkeys and apes, exist. On 



Fig. 342. The abundance of lianas and the 
dense, almost impenetrable forest crown are 
clearly shown in this view of a tropical rain¬ 
forest in Brazil. Undergrowth is not unusually 
conspicuous. (Courtesy Chicago Museum of 
Natural History.) 

the darkened floor below, large ani¬ 
mals usually are not numerous. In 
Africa, the hippopotamus inhabits 
the river margins, and elephants, 

1 Lianas are ropelike plants which en¬ 
twine themselves around trunks and 
branches. Epiphytes , of which orchids are a 
common example, characteristically grow on 
the branches of tropical trees and spread 
their roots among the cracks in the bark. 
They frequently have hanging roots. Para¬ 
sites are plants that feed from the sap of the 
tree on which they grow. 
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Fig. 343. Interior of the tropical rainforest in the Belgian Congo. Undergrowth appears to be 
more dense than in Fig. 342. (Courtesy American Geographical Society.) 


giraffes, and the big catlike animals 
may penetrate the forest for some dis¬ 
tance. Snakes and some amphibians 
are relatively abundant. 

It is chiefly in insect life that the 
tropical forest abounds. The hum 
and sing of insects are ever present. 
Ants are numbered in billions. Ter¬ 
mites, small insects that destroy 
wood, are likewise abundant. Not 
only in the tropical forest but 
throughout most poorly drained areas 
in the low latitudes are to be found 
parasitic disease-carrying insects. 
Some of them are dangerous alike to 
man and animals. Yellow fever, sleep¬ 
ing sickness, and malaria, dreaded 
diseases of the tropics, are all trans¬ 
mitted to man through the bites of 
insects. 

Lighter tropical forest. Lighter trop¬ 
ical forest has temperature require¬ 


ments similar to those of the tropical 
rainforest. It occupies, however, re¬ 
gions of less rainfall or, more typi¬ 
cally, regions where there is a dis¬ 
tinct, but short, dry season. Rela¬ 
tively large areas of this forest type 
are found in southeastern Asia and 
often are known as monsoon forests 
(Fig. 344). A somewhat similar type, 
the savanna forest , occupies transi¬ 
tional belts between tropical rain¬ 
forest and the drier, true savannas 
(Fig. 345). Trees are more widely 
spaced and are mainly broadleaf de¬ 
ciduous in character. Tall bamboo 
thickets are common in the monsoon 
forests. 

Valuable tropical trees. The wild 
rubber tree was first discovered in 
the rainforest of Amazonia. It has 
since been planted in a number of 
localities in the humid tropics. There 
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Fig. 344. Buffaloes dragging teak fogs in a Burma forest, eastern India. (Courtesy U, S. Forest 
Service.) 



Fig. 345. Lighter tropical forest in the Belgian Congo. Large trees are sufficiently far apart so 
that they do not cast a dense shade. Grass mantles the forest floor. (Courtesy American Geo¬ 
graphical Society,) 


mm 





402 


THE EARTH AND ITS RESOURCES 



Fig. 346. Mediterranean woodland in California, showing an open stand of dwarf oak merging 
with California grassland. (Courtesy U. S. Forest Service.) 


are extensive areas devoted to rub¬ 
ber-tree plantations especially in the 
Malay Peninsula and East Indies and 
to a lesser extent in parts of Brazil 
and west central Africa. 

The banana tree is produced on a 
large scale especially in hot, humid 
coastal lowlands of the tropics. Hon¬ 
duras and Jamaica are leading ex¬ 
porters of bananas. 

Chicle is a gummy substance made 
from the juice of a tropical tree 
found in Central and South America. 
It is an important export from Guat¬ 
emala. It is treated, flavored, and put 
on the market as the familiar chew¬ 
ing gum. 

The bark of the cinchona tree is 
the source of quinine, a valuable 
drug. Java, Colombia, and Ecuador 
are leading producers of cinchona 
bark. 

Mahogany trees are found in cer¬ 


tain parts of the American tropics. 
Much mahogany is exported from 
British Honduras. The trees charac¬ 
teristically are widely scattered in 
the forest. Great difficulty often is 
encountered in getting the trees to 
water, where they can be floated to 
concentration points. This partially 
accounts for the relatively high price 
of mahogany lumber. 

Near the southern edge of the 
tropics in South America, in the 
Gran Chaco of Paraguay and north¬ 
ern Argentina, is found the que¬ 
bracho tree. This is a most important 
source of tannin, a substance needed 
for the treatment of hides of animals 
in the making of high-grade leather. 
Tannin is a principal export from 
Paraguay, and much of it comes to 
the United States. 

Teak wood (Fig. 344) is well known 
for its durability, especially in the 
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Fig. 347. Mediterranean chaparral in Cape Province, South Africa. (Courtesy American Geo¬ 
graphical Society.) 


building of ships. It is an important 
export from Burma and Siam. There 
are many other tropical woods and 
products of tropical trees besides 
those which we have mentioned. 

MIDDLE-LATITUDE FORESTS 

Mediterranean. Mediterranean is a 
relatively rare type of forest because 
it consists of broadieaf evergreens in 
a climate that has a summer drouth. 
The trees have developed protective 
devices against rapid loss of water so 
that they retain their foliage even 
during the dry season. This unique 
Mediterranean woodland is found in 
subtropical regions with mild, rainy 
winters and long, dry, warm-to-hot 
summers. The largest representative 
area is the Mediterranean Sea bor¬ 
derland, with smaller areas in Cali¬ 
fornia, middle Chile, southern Aus¬ 


tralia, and the Cape Town region of 
Africa. 

Mediterranean woodland is mainly 
a mixed forest of low, or even stunted, 
trees and woody shrubs (Fig. 346). 
Tall trees are rare. The virgin forest 
under the more favorable conditions 
of climate and soil is composed of 
low, widely spaced trees. The ground 
is completely or partly covered with 
a pale, dusty bush vegetation. 

As a protection against evapora¬ 
tion, the tree trunks are encased in a 
thick bark. The cork oak of Spain 
and Portugal has an unusually thick 
bark which is peeled from the tree, 
moistened, and flattened out. It is 
then cut into many forms of cork 
and sold throughout the world. In 
addition to a thick bark, the trees of 
Mediterranean woodlands develop 
leaves that are small, thick, and 
leathery, with hard surfaces. The 
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olive tree, with its massive trunk, 
gnarled branches, thick bark, and 
small, stiff, leathery leaves is very 
representative of the Mediterranean 
type of tree. 

Even more common than the 
woodland composed of low trees and 
shrubs described above is a vegeta¬ 
tion mantle consisting principally of 
shrubs and bushes in which there 
may be some stunted trees (Fig. 347). 
In California this bush thicket is 
known as chaparral . 

Broadleaf, or hardwood, forests. 
Within the more humid parts of the 
middle latitudes are found two great 
forest groups: the broadleaf trees, or 
hardwoods, and the needle-leaf coni¬ 
fers, or softwoods. Over large areas 
they exist as mixed conifer-broadleaf 
forests. 

Temperate hardwood forests vary 
widely in composition. In the east¬ 
ern half of the United States two 
genera] hardwood-forest areas are dis¬ 
tinguished (Fig. 348), as follows: 

1) The northeast area in northern 
Wisconsin and Michigan, New York, 
and southern New England. Princi¬ 
pal trees—birch, beech, and maple, 
but with a large number of hemlock 
and other conifers (Fig. 349). 

2) The central and southern area 
extending from Pennsylvania to Mis¬ 
souri and Arkansas. Principal trees— 
oak, hickory, chestnut, and poplar 
(Fig. 350). This was originally the 
finest and most extensive area of hard¬ 
woods anywhere in the world. Much 
of the forest was removed years ago 
when land was being cleared for agri¬ 
cultural use. The remaining stand of 


trees, however, continues to provide 
a good supply of lumber for furni¬ 
ture manufacturing. 

Some of the more beautiful woods 
are becoming scarce, therefore more 



Fig. 349. Mixed hardwood-conifer forest (birch, 
beech, maple, and hemlock) in Michigan. Much 
of this type of forest once occupied lands that 
were not well suited to agriculture, so that its 
removal has resulted in extensive areas of 
relatively barren, desolate, cut-over land. (Cour¬ 
tesy U . S. Forest Service.) 

expensive. An example is walnut. 
Much furniture is now constructed 
of cheaper wood which has a thin 
veneer, or covering, of walnut glued 
on the outside. 

In this great region, fairly exten¬ 
sive areas of virgin forest still remain, 
particularly in the rougher Appa- 
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lachian country and in Tennessee, 
Kentucky, Missouri, and Arkansas. 
Much of this timberland has been 
set aside as national forests. By far 
the greater part of the forest is decid- 



Fig. 350. A mixed hardwood forest (oak, 
hickory) in northern Indiana. Much of this type 
of forest once occupied good agricultural land 
and as a consequence was destroyed in the 
process of settlement. (Courtesy U. S. Depart - 
merit of Agriculture .) 


uous, the trees dropping their leaves 
during the winter season. 

Outside the United States, rela¬ 
tively large areas of temperate hard¬ 
woods or mixed forests are to be 
found in Japan, Korea, southeastern 
China, central Russia, southwestern 
Siberia, western Europe, southern 
Chile, southeastern Australia, and 
New Zealand. 


Coniferous, or softwood, forests. Co¬ 
niferous trees are almost exclusively 
evergreen. The addition and fall of 
needles make a continuous process, 
not confined to any particular period 
or season. Unlike broad leaves, how¬ 
ever, the needles of conifers are 
drouth resistant, so that shedding is 
not necessary to protect against a 
cold or dry season. In general, soils 
that develop under coniferous for¬ 
ests are not so fertile as those of the 
broadleaf hardwoods. 

The subarctic belt of conifers is 
noted for its great area. It extends 
across northern Canada and north¬ 
ern Eurasia. The name taiga has been 
given to this region (Fig. -551). The 
northern edge of the taiga, in the 
neighborhood of the Arctic Circle, 
blends into the treeless tundra, a 
region thoroughly hostile to tree 
growth. 

The Eurasian taiga forms the sin¬ 
gle largest continuous forest area on 
earth. Conifers such as larch, spruce, 
fir, and pine predominate, although 
there is a scattering of deciduous 
trees. In these regions of long, cold, 
dry winters and short, cool summers, 
trees are relatively small in size, usu¬ 
ally not more than 1% feet in diame¬ 
ter, and growth is slow (Fig. 352). 
On the shaded forest floor, vegeta¬ 
tion is meager, mosses and lichens 
being the most common plant forms. 
Little humus, which is decayed vege¬ 
tation, is made available to the soil, 
because needle leaves are a poor 
source of humus. In addition, the 
low temperatures and deep shade act 
to retard decomposition and to dis- 
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Fig. 351. Swamp taiga of western Siberia. This region did not suffer glaciation. The subarctic 
belt of conifers shown in this aerial photograph extends across northern Russia for a distance of 
more than 4000 miles. It is easily the world's largest and most continuous forested area. One 
handicap, however, is that trunks of trees have relatively small diameters. Similar taiga stretches 
across northern Canada and central Alaska. Note these regions on Fig. 339. Is there any taiga 
in the Southern Hemisphere? ( Photographed from Luftschiffbau Zeppelin, courtesy American Geo¬ 
graphical Society of New York.) 



Fig. 352. Taiga in Yukon, Canada. Note the Fig. 353. interior of the Pacific Douglas fir 
relative smallness of the trees. Many fur-bearing forest. This is one of the world's finest softwood 
animals are found in these regions. (Courtesy forests. Trees are of large size, and the stand 
U . S. Forest Service.) is dense. (Courtesy U. S. Forest Service.) 
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courage the activity of soil fauna, 
especially earthworms. 

Animal life is not so abundant as 
in the middle-latitude forests farther 
south. However, many fur-bearing 
animals inhabit the taiga, and trap- 



Fig. 354. This mixed stand of Norway and jack 
pines in northern Minnesota is representative 
of the northeastern pine forest of jack, red, and 
white pines. (Courtesy U. S. Department of 
Agriculture .) 

ping is an important occupation. 
The long-continued cold tends to 
make for heavy pelts. Wolf, bear, fox, 
otter, mink, ermine, squirrel, lynx, 
and sable are representative animals. 

In the lower middle latitudes are 
other areas of needle trees which are 
more valuable as a timber resource 
than the taiga. This is because the 
trees are larger, produce a better 


quality of wood, and are more ac¬ 
cessible. In western North America, 
broken belts of conifers extend south¬ 
ward from the taiga. They follow the 
rainier highland chains of the Pa¬ 
cific coast mountains and the Rocky 
Mountains to beyond the Mexican 
border. The rainy slopes of the Coast 
Ranges, Cascades, and Sierras sup¬ 
port magnificent forests. At present 
the state of Washington ranks first 
in lumber production. Among the 
finer timber trees in Washington and 
Oregon is the Douglas fir (Fig. 353). 
Farther south in the Coast Ranges 
of northern California are the great 
redwood forests, and in the Sierras 
of central California is the giant 
sequoia, the largest of all trees (Fig. 
340). 

Another area of conifers extends 
southward from the taiga into south¬ 
eastern Canada; the northern por¬ 
tions of Minnesota, Wisconsin, and 
Michigan; the Adirondacks in New 
York; and much of Maine (Fig. 354). 
This region is outstanding at present 
for its tremendous production of 
wood pulp used in the manufacture 
of paper. The most valuable timber 
trees, especially white pine, have 
been cut from this forest, leaving 
behind extensive areas of waste and 
cut-over land of little value. Many 
writers point to this region as a glar¬ 
ing example of the ruthless destruc¬ 
tion of a great natural resource, with 
little effort being made toward re¬ 
plenishing the supply. 

South of the taiga, in Eurasia, val¬ 
uable coniferous forests occupy the 
slopes of the Alps, Carpathians, and 
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Fig. 355. The southern pine forest (longleaf, loblolly, and slash pines) of the United States is 
typical of the Atlantic and Gulf coastal plain. (Courtesy U. S. Forest Service.) 


other highland regions as well as cer¬ 
tain sandy areas of coastal plains. 

Separated from this northern belt 
of conifers by extensive broadleaf 
forests is the southern pine forest of 
the United States. It occupies the 
Atlantic and Gulf coastal plain. It is 
composed of 10 different species of 
pine of which the longleaf is most 
abundant (Fig. 355). 

Climatically this needle-tree forest 
seems somewhat out of place, for 
rainfall is abundant, and the grow¬ 
ing season long. However, the poor, 
sandy soil and high evaporation are 
offsetting factors, creating an envi¬ 
ronment that is generally hostile to 
broadleaf varieties. Open parklike 
character, with the ground covered 
by a mantle of coarse grasses or low 
shrubs, is typical. 

The southern pine forest has, dur¬ 


ing the last few decades, been one of 
the principal sources of American 
lumber, although the peak of its 
production has been passed. Exten¬ 
sive areas of nearly worthless cut-over 
land are now one of the most con¬ 
spicuous features of the southern 
pine region. In recent years, how¬ 
ever, considerable areas have been 
planted to a fast-growing pine which 
can be used in the manufacture of 
paper. 

On the poorly drained floodplains 
of rivers, pines give way to a con¬ 
trasting forest type composed of such 
trees as tupelo, red gum, and cypress. 
As a source of lumber, the southern 
states rank high in the production 
of yellow pine, cypress, and gum. An 
important industry is the distilling 
of resin to obtain turpentine and 
rosin, which together are called naval 
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stores (Fig. 356). The resin is secured 
by tapping certain of the pine trees, 
much as rubber trees are tapped for 
the valuable latex. On storage docks 



Fig. 356. This pine tree has been cut so that the 
resin from which turpentine is distilled will 
exude. (Courtesy U. S. Forest Service .) 


at Mobile, Pensacola, Savannah, and 
Charleston one may observe thou¬ 
sands of barrels of naval stores await¬ 
ing shipment on ocean freighters. • 
Conservation of forests. Early lum¬ 
bermen ruthlessly destroyed great 
forests of fine timber and gave little 
thought to replenishing the supply. 
In their haste to cut the big trees 
they ruined many of the smaller 
ones. In the past, and even in recent 
years, people have been careless 
about putting out campfires and cig¬ 
arettes, with the result that disas¬ 


trous forest fires have ruined thou¬ 
sands of square miles of fine trees 
(Fig. 357). 

Today, however, much attention 
is being given to our forest lands. 
Federal and state governments re¬ 
gard conservation as of vital impor¬ 
tance. With respect to forests, work 
is being done along the following 
lines: (1) reforestation, involving the 
actual planting of trees where it 
seems advisable (Figs. 358, 359); (2) 
protection against forest fires; (3) iin- 



Fig. 357. Forest fire on Echo Mountain, Cali¬ 
fornia.. This picture was taken 10 minutes after 
the fire started. (Courtesy U. S. Forest Service.) 


proved logging operations (Fig. 360); 
(4) improved milling operations; (5) 
study of methods of controlling tree 
diseases; (6) establishment of state 
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Fig. 358. Reforestation in Coeur d'Alene National Forest, northern Idaho. This part of the forest 
suffered from a bad fire in 1931. (Courtesy U, S. Forest Service .) 



Fig. 359. Reforestation in Lolo National Forest, Montana. The yellow-pine seedlings, 15 years 
old, stand among trees destroyed by fire. (Courtesy U. S. Forest Service.) 
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Fig. 360. This picture, taken in Medicine Bow National Forest, Wyoming, illustrates proper 
methods of cutting timber. (Courtesy U. S. Forest Service.) 


and national forests under the super¬ 
vision of trained men. 

GRASSLANDS 

Tropical savannas. Savannas are 
composed mainly of tall and unusu¬ 
ally coarse grasses growing in tufts, 
the latter separated by intervals of 
bare soil. They spring up rapidly af 
the beginning of the rainy season 
and may, within a few months, reach 
heights of 4 to 12 feet (Figs. 361, 
362). 

Seldom do savannas have the re¬ 
freshing tints of humid meadows but 
instead are dull green in color with 
yellowish and brownish tints. Blades 
are stiff and harsh, especially when 
dry. In the drouth season the grasses 


become dry and brown so that they 
burn readily. Among the natives it 
is a common practice to burn off the 
old grasses in order to make way for 
new growth at the beginning of the 
rains. Shrubs and low trees usually 
are present in the wetter parts of the 
savanna. 

Tropical grasslands were originally 
inhabited by a great variety of graz¬ 
ing animals such as antelope, zebra, 
gazelle, and giraffe, together with 
many carnivorous animals, including 
the lion, hyena, leopard, and cheetah. 
All these have suffered greatly, how¬ 
ever, at the hands of hunters. 

Middle-latitude prairie and steppe. 
Middle-latitude grasslands are com¬ 
posed of finer and usually shorter 
grasses than those of tropical sa- 

















Fig. 361. The tall, coarse grasses of the African savanna north of the equator grow about 8 feet 
tall, which brings them well into the lower branches of the small trees. (Courtesy American 
Geographical Society.) 



Fig. 362. Tail-grass savanna in Kenya Colony, Africa. Flat-topped acacia trees dot the grass¬ 
land. (Courtesy American Geographical Society.) 
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vannas. Two principal subdivisions 
are recognized: the tail-grass prairies 
and the short-grass and bunch-grass 
steppes. 

The prairie is dominated by tall, 
luxuriant, and relatively deep-rooted 
grasses (Fig. 363). Usually a large 
variety of showy, flowering plants is 
intermingled with the grasses, so that 
in the spring the remaining original 
American prairies have the appear¬ 
ance of a colorful flower garden. 

Over most prairie regions the an¬ 
nual rainfall varies between 20 and 
40 inches, the principal supply com¬ 
ing during the summer season. 
Where rainfall is less than about 20 
inches, so that the depth of moist 
soil is under 2 feet, short grasses of 
the steppe type replace the prairie 
grass. Where the depth of moist soil 


is greater than about 30 inches, the 
tall grasses flourish. 

The earth’s principal regions of 
original tall grasses are (1) parts of 
central United States and the prairie 
provinces of Canada; (2) the Argen¬ 
tine Pampas, Uruguay, and southeast¬ 
ern Brazil; (3) parts of southern Rus¬ 
sia; (4) the plains of the Danube in 
Hungary and Rumania; and (5) pos¬ 
sibly parts of northern China and 
Manchuria. In most of the prairie 
regions the original vegetation has 
been destroyed through bringing the 
land under cultivation. 

The steppe, composed of shorter, 
shallow-rooted grasses, is typical of 
semiarid regions where, as indicated 
above, the depth of moist soil is usu¬ 
ally less than 2 feet. In dry years the 
steppe has the uniform appearance 



Fig. 363. Tail-grass prairie in the region of the sand hills of western Nebraska, (Courtesy U. S. 
Forest Service .) 
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Fig. 364. Short-grass steppe in Colorado, showing drouth-resistant grasses mixed with consider¬ 
able cactus. (Courtesy U. S. Forest Service.) 


of an endless carpet. In wetter years 
there is greater variation, owing to 
the growth of taller plants on the 
short-grass sod. 

Within the United States two sub¬ 
divisions of steppe are recognized: 
short grass and bunch grass. Short 
grass is characteristic of the Great 
Plains which lie east of the Rocky 
Mountains and, for the most part, 
west of the 100th meridian. There 
the meager rainfall is concentrated 
in late spring and early summer, or 
just preceding and during the grow¬ 
ing season (Fig. 364). Bunch grass 
occupies regions with about the same 
amount of precipitation as does the 
short grass but where it is not so 
much confined to the warm season 
(Fig. 365). It is characteristic of re¬ 


gions west of the Rocky Mountains, 
particularly in California, Washing¬ 
ton, Oregon, Idaho, and western 
Montana. 

Large parts of the middle lati¬ 
tudes’ short-grass and bunch-grass re¬ 
gions, although unplowed, have been 
overgrazed to the extent that weedy 
plants have taken the place of the 
original vegetation. Great herds of 
bison once inhabited the American 
grasslands, but ruthless slaughter has 
almost exterminated them. 

Conservation of grasslands. In the 
United States, measures are being 
taken to conserve and improve the 
short-grass regions of the western 
states. Such conservation involves (1) 
prevention of overgrazing, (2) reseed¬ 
ing and protection of areas already 
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overgrazed, (3) restrictions on the 
plowing of virgin sod, (4) community 
cooperation in fighting grass fires, 
and (5) irrigation. 

Once the sod of grasslands in semi- 
arid regions is broken by the plow, 
then the dry topsoil is whipped up 
by the wind and carried away. Be¬ 
cause of this, in recent years thou- 



Fig. 365. Bunch grass In Oregon. (Courtesy 
U. S. Department of Agriculture.) 


sands of people have witnessed great 
duststorms in the western and mid¬ 
dle-western states. Disastrous soil ero¬ 
sion or removal results not only from 
high winds but also from occasional 
rains which wash away some of the 
topsoil. It seems, therefore, that a 
wise course of procedure would be 
to preserve the native grasslands for 
the grazing of livestock and to be 
careful not to overgraze. 

DESERT SHRUB AND TUNDRA 

"Dry" deserts. Some few deserts or 
parts of deserts are extensive areas 
of rocky plain or sand and almost 
wholly without plant life. This is 


the exception rather than the rule. 
Most arid regions of both low and 
middle latitudes have some vegeta¬ 
tion even though it is sparse. It may 
be low bunch grass, widely spaced 
and with bushes, or in places fleshy 
water-storing plants, such as cacti. 
Much more commonly it is peren¬ 
nial drouth-resistant shrub. In the 
United States this latter type of veg¬ 
etation predominates over a large 
part of the area west of the Rockies, 
interrupted here and there by bunch 
grass or by forests at higher eleva¬ 
tions. Annual rainfall over much of 
this region is under 12 inches. 

The perennial shrubs of desert 
areas grow far apart, with much bare 
soil showing between (Fig. 366). This 
wide spacing is a response to low 
rainfall. Growth is very slow. Des¬ 
ert shrubs, such as the American 
sagebrush and creosote bush, are 
equipped through special forms of 
roots, stems, and leaves to withstand 
drouth. Some are deciduous; others, 
evergreen in character. Certain des¬ 
ert plants bear flowers of brilliant 
color. In contrast to the scanty, low, 
pale-green vegetation of the desert 
proper is the verdant color of luxu¬ 
riant vegetation around oases where 
water is abundant. Frequently al¬ 
most knife-edge boundaries separate 
the two. 

Desert vegetation is of importance 
in several ways, two of which may be 
mentioned. It tends to retard the 
shifting about by winds of desert 
soils and sand. It provides a source 
of food, especially for such animals 
as sheep, goats, and camels. How- 



Fig. 366. Desert shrub, chiefly sagebrush, in Nevada. Such land is of little value for grazing. 
(Photograph by John C. Weaver.) 


ever, the food supply in any one 
place usually is so scanty that some 
desert peoples are nomadic; that is, 
they move from place to place. Such 
conditions contribute to the sparse 
populations of deserts. The large 
state of Nevada, for example, has less 
than one person per square mile, 
whereas Massachusetts has over 500. 

Tundra, or cold deserts. Genuine 
tundra is composed largely of such 
lowly forms as mosses, lichens, and 
sedges, the whole incompletely cov¬ 
ering the ground. In places there is 
much bare, stony soil with only the 
most meager plant life. 

On the southern margins of the 
tundra, where it merges into the 
taiga, or coniferous forest, vegetation 
cover is more complete. Most tundra 
plants appear drouth resistant, hav¬ 


ing stiff, hard, leathery leaves. As a 
result of the short period between 
frosts, the vegetative period in the 
tundra is reduced to 2 months or 
less. For this reason, plants are com¬ 
pelled to hurry through their vege¬ 
tative cycle, and even then many of 
them are frozen while still in flower 
or fruit. 

To animals as well as to plants, 
tundra is inhospitable. Bird life is 
largely migratory, inhabiting these 
regions principally in summer and 
wintering farther south. Large, pred¬ 
atory, carnivorous animals, such as 
bears, wolves, and foxes, fare badly 
in winter, being usually in the ex¬ 
tremity of famine and reaching 
spring in an emaciated condition. 
Reindeer, or caribou, and musk ox 
are the two largest and most valuable 
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Fig. 367. Moss tundra in summer along the lower Yenisei River in western Siberia. (Photograph 
by H. U. Hall, courtesy "Geographical Review/') 


of the herbivorous tundra animals 
(Fig. 367). Siberian tribes never feed 
their reindeer but compel them to 
forage for their food even in winter. 

Mosquitoes and stinging flies are 
thick in summer and are among the 
principal torments of man and ani¬ 
mals, forcing them to seek higher 
and drier sites. Animals of the tun¬ 
dra do not hibernate. The smaller 
forms, such as hares, foxes, and 
wolves, make their winter quarters 
underneath the snow where temper¬ 
atures are not severe. Seal, walrus, 
and polar bears inhabit the coastal 
margins or the drift ice, where they 
feed chiefly on marine life. 

It should be noted that vegetation 
of the tundra is of some value in that 
it provides a source of food especially 
for such animals as reindeer and 
musk ox. These animals in turn are 
of great value to Eskimos who in¬ 
habit the coastal regions in some 
parts of the tundra. One should not 


get the idea that tundra is character¬ 
istic of all polar regions. Over most 
of Greenland and much of Antarc¬ 
tica, for example, there are great ice 
caps that are practically devoid of 
both plant and animal life. 

RESOURCES OF THE SEA 

Plant life. Plant life in the seas is 
largely confined to those parts where 
light is relatively abundant. Such 
are the shallow coastal waters and 
the surface waters in general. Fixed 
or rooted plants are practically re¬ 
stricted to shallow waters close to 
land. Microscopic plant life, on the 
other hand, makes up a considerable 
part of the mass of floating organic 
substance called plankton . These 
microscopic plants at the surface of 
the ocean are the principal basis of 
sea life. Upon them myriads of small 
sea animals, such as crustaceans, feed, 
and they in turn are the most im- 
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portant source of food for fish. Thus 
the plankton mass, composed of tiny 
plant and animal forms, is the prin¬ 
cipal reservoir of fish food. On the 
whole it is most abundant in coastal 
waters. 

Edible fish. The greatest resource 
of the oceans is edible fish, and yet 
the world’s annual catch, amounting 
roughly to 700 million dollars, ordi¬ 
narily does not equal the value of 
the American corn, cotton, hay, or 
wheat crop. Most of the world’s fish¬ 
ing is done along the margins of con¬ 
tinents in waters whose depths are 
less than 200 fathoms, or 1200 feet. 2 
This concentration of fish in shallow 
coastal waters is due largely to an 
abundant food supply furnished by 
floating plankton, by rivers entering 
the sea, and by rooted algae in the 
shoal waters near shore. 

Commercial fishing grounds of im¬ 
portance are, in general, outside the 
tropics and in the Northern Hemi¬ 
sphere. There are more species of 
fish in tropical waters than in higher 
latitudes, yet there is a lack of con¬ 
centration of vast numbers of desir¬ 
able food fish within relatively small 
areas. Organized commercial fishing 
on a large scale is concentrated in 
(1) the coastal areas of Japan, Sa¬ 
khalin, and eastern Siberia, (2) those 
of New England, eastern Canada, 
and Newfoundland, (3) the coasts of 
northwestern Europe, and (4) the 
Pacific coast of northwestern United 
States, Canada, and Alaska. 

The coastal waters from Cape Cod 
to Newfoundland are the world’s 
greatest cod fisheries. Herring, mack¬ 


erel, haddock, and halibut are a few 
of the other commercially valuable 
fish of this region. The most valuable 
of all canned fish is the salmon, 
caught in coastal waters and streams 
from Washington to Alaska. Huge 
quantities of fish are taken from the 
banks of the North Sea by skilled 
fishermen from Norway and the Brit¬ 
ish Isles. Stavanger, Norway, for ex¬ 
ample, is noted for its exports of 
sardines. 

Sea mammals. In addition to edi¬ 
ble fish, other sea animals, such as 
seal, walrus, and whale, are valuable 
for their skins, oil, bone, ivory, or 
flesh. Each of these animals has been 
the object of ruthless slaughter. This 
has led to serious reduction in num¬ 
bers. In some instances the animals 
have been almost exterminated. Fur 
seals, especially, were killed by the 
thousands. Today they are protected 
by international agreement. For ex¬ 
ample, seal herds that inhabit the 
Pribilof Islands in the Bering Sea are 
under the protection of the United 
States government. 

A native of shallow coastal arctic 
waters and sought for its ivory and 
tough hide, the walrus has suffered 
the same fate as the seal. Whales 
inhabit the North Atlantic, North 
Pacific, Arctic, and Antarctic seas. 
Their particular value is for oil 
and whalebone, but the significance 
of these products has declined as 
cheaper substitutes have been made 

2 The term banks is applied to the shal¬ 
low water of coastal margins. In some banks 
of the North Sea the water is less than 100 
feet deep. 
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available. In the arctic seas, whales 
have been so greatly reduced in num¬ 
bers that the whaling industry has 
all but disappeared. Formerly, these 
animals furnished one of the princi¬ 
pal sources of food for the natives 
who occupied the arctic coasts. 

SUMMARY 

Three principal classes of natural 
vegetation are forests, grasslands, and 
desert shrub, including tundra. In 
general, forests are found in humid 
lands; grasslands, in subhumid or 
semiarid; and desert shrub, in the 
dry lands. The tropical rainforest 
contains many kinds of trees, but it 
seldom has a large stand of one 
species. 

In the intermediate zones the soft¬ 
wood evergreens are represented by 
such trees as the pine, cedar, fir, and 
spruce; the hardwood deciduous 


trees, by the oak, maple, walnut, and 
hickory. 

Forest conservation involves espe¬ 
cially reforestation and the preven¬ 
tion of forest fires. Forests check soil 
erosion and retard the immediate 
runoff of rain water. 

Grasslands consist mainly of two 
types: the savanna and the steppe. 
In the middle latitudes the prairies 
consist of tall grasses; the steppes, of 
short grasses. Grassland conservation 
is necessary to preserve permanent 
grazing lands and to check soil ero¬ 
sion. 

Desert shrub provides meager food 
for goats, sheep, and camels. The 
tundra is valuable as a food resource 
for reindeer and musk ox. 

Fish constitute the most valuable 
food resource of the sea. The princi¬ 
pal fishing grounds are the North 
Sea region, the Newfoundland banks, 
and the Sakhalin waters. 


QUESTIONS 

1. Mention three important phases in a planned program of conserva¬ 
tion. 

2. What elements of environment affect native vegetation? 

3. Define annual and perennial plants. Give examples. 

4. Mention several characteristics of water plants and drouth-resistant 
plants. Give examples. 

5. Name the three principal classes of natural vegetation. 

6. Explain what is meant by a genuine forest. 

7. How are trees classified? 

8. Briefly describe a good forest climate. 

9. Climatically, grasslands are typical of what regions? 

10. Explain the two types of deserts as far as plant life is concerned. Give 
examples. 

11. Locate the largest areas of tropical rainforest. 
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12. What is true of the rainforest with respect to number of species of 
plants? Are large areas occupied almost exclusively by one species of tree? 

13. Mention a few characteristics of the rainforest. 

14. Describe the typical jungle. Where is it found? 

15. What animal life is most abundant in the rainforest? 

16. Why are certain tropical insects dangerous to man? Give examples. 

17. Mention several valuable tropical trees. 

18. What is one factor that accounts for the relatively high price of 
mahogany wood? 

19. Where are quebracho and teak found? Why is each valuable? 

20. Describe the climate of Mediterranean woodlands. 

21. Why is the Mediterranean “a relatively rare type of forest”? 

22. Locate the largest areas of Mediterranean woodland. 

23. What characteristics of trees enable them to withstand the summer 
drouth in Mediterranean regions? 

24. Where is the cork oak found? Of what use is it? 

25. What is chaparral? 

26. Locate the two general hardwood areas in eastern United States. 

27. Why is walnut and mahogany veneering an economical procedure? 

28. Do evergreens shed their leaves? If so, is the shedding characteristic 
of any particular season? 

29. Why are the needles of conifers drouth resistant? 

30. Locate the two greatest areas of taiga. 

31. Where is the largest continuous forest area on earth? What are two 
handicaps of this forest as a source of lumber? 

32. Why is little humus available in most coniferous forests? 

33. Name several fur-bearing animals of the taiga. 

34. Which slopes of mountains in western United States are especially 
tree-covered? Why? 

35. Which state ranks first in lumber production? What is the most 
valuable kind of tree in this region? 

36. Note the United States map showing forest regions (Fig. 348). In 
what states is the oak-hickory belt? the white, red, and jack pine? Douglas 
fir? chaparral? 

37. Mention several facts concerning the coniferous forest of northeastern 
United States and adjacent parts of Canada. 

38. Locate the southern pine forest. Why is this forest said to be “cli¬ 
matically somewhat out of place”? 

39. What lumber comes from the southern states? 

40. What are naval stores? How are they secured? 

41. What steps are being taken to promote forest conservation? 
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42. Describe the savanna grassland. Why is the grass sometimes burned 
off during the dry season? 

43. What animals are characteristic: of the savanna? 

41. What is the difference between prairie and steppe? 

45. What is the average annual rainfall over prairie regions? over steppes? 

46. Name the two subdivisions of steppe lands in the United States. 
Where is each located? 

47. What measures are being taken toward conservation of grasslands? 

48. Mention two common American desert shrubs. 

49. Locate and describe the tundra. 

50. Why are plants in the tundra compelled to “hurry through their 
vegetative cycle”? 

51. What animals inhabit the tundra? 

52. What insects present a powerful blockade to human settlement in 
the tundra? 

53. Of what does plankton consist? What is its value? 

54. Explain what is meant by fishing banks. What are some reasons why 
fish concentrate in such areas? 

55. Why are commercial fishing grounds for the most part not located 
in the tropics? 

56. Locate the four principal areas where commercial fishing is concen¬ 
trated. Which is noted for cod? 

57. Locate the Pribilof Islands. Why are they important? 

58. The governments of the United States and Canada have given con¬ 
siderable aid to the natives of Alaska and northern Canada in raising large 
herds of caribou. Why has this been a wise policy? 

SUGGESTED ACTIVITIES 

1. Review the location of all places mentioned in this chapter. 

2. Seek the cooperation of lumber companies in preparing an attractive 
display of the principal kinds of hardwoods and softwoods. 

3. The Journal of Forestry, published by the Society of American For¬ 
esters, Washington, D. C., is an excellent source for interesting class reports 
on many of the topics covered in this chapter. 

4. Write to the U. S. Forest Service and the U. S. Bureau of Fisheries 
for lists of publications for sale. Many of these publications can be secured 
at small cost and offer additional sources of information for class reports. 

5. On a large wall outline map of North America, outline and color 
the principal forest regions. 

6. If you live in a state where there are national or state forests, draw 
a large wall map of the state showing the location of these forests. 
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7. Make a list of common trees found in your community. 

8. Review the location of savanna grasslands in Africa and South Amer¬ 
ica. Discuss their relative values from the standpoint of agricultural usage. 

9. Collect recent material on the conservation of natural resources from 
books and magazine articles. Individual reports on this subject may be put 
together in the form of a booklet, with illustrations. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 

1. Forest Conservation in the United States 

2. World Distribution of Tropical Rainforest 
8. The Rainforest of the Amazon Basin 

1. The Rainforest of the Congo Basin 
5. Animal Life in the Rainforest 

G. Wood Pulp and Paper Manufacturing in North America 

7. The Cork Oak and Olive, Typical Mediterranean Trees 

8. Lumbering in the Pacific States 

9. Hardwoods and Their Uses 

10. The Beneficial Effects of Forests with Regard to Soil Erosion and 
Floods 

11. The Savannas as Grazing Lands 

12. The Limitations of Agriculture in Steppe Regions 
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CHAPTER 17. 


Soils 


Of all the natural resources of the 
earth, soil and water are two of the 
most necessary to man’s existence. 
Types of soil and the available water 
supply vary greatly in different geo¬ 
graphical regions. Unlike air, soil 
may be exhausted by careless crop¬ 
ping methods or seriously damaged 
by the erosion of running water. 
Since animal life is dependent upon 
plant life, and plant life upon the 
soil, it is obvious that the welfare of 
mankind is closely associated with 
the maintenance of soil fertility. 

Soil is composed of inorganic 
(mineral) and organic substances. A 
given soil is the product of develop¬ 
ment, or evolution. It evolved from 
the parent material, or mantle rock, 
by the slow processes of weathering, 
accompanied by the growth and in¬ 
fluence of living organisms. These 
organisms include higher animals, 
earthworms, abundant forms of mi¬ 
croscopic life, and many kinds of 
natural vegetation. The remains of 
vegetation have been deposited upon 
and within the surface soils for thou¬ 
sands of years. For this reason, soil 
is considered to extend downward 
only so far as abundant organic life 
penetrates, generally not more than 
5 to 8 feet. Below the soil, whatever 


its thickness, is the parent material 
of the soil, and below that is solid 
rock. 

Parent material. Soils differ in the 
processes by which their parent ma¬ 
terial was accumulated and are 
named accordingly: transported soils 
and residual soils. 

Transported soils are of three 
kinds: (1) Alluvial soils are the soils 
whose parent material, alluvium, has 
been transported and deposited by 
water. They are found in regions 
such as floodplains, deltas, and allu¬ 
vial fans. (2) Glacial soils have been 
transported and deposited by mov¬ 
ing ice. They are abundant, for ex¬ 
ample, in certain regions covered by 
glacial moraines. (3) Eolian soils are 
transported and deposited by the 
wind. During a single duststorm, 
winds carry thousands of tons of soil 
from one place to another. The de¬ 
posits of loess along the Missouri and 
Mississippi rivers and in eastern Ne¬ 
braska are examples of eolian soils 
(Fig. 368). 

Residual soils are soils that have 
not been moved about but are de¬ 
rived from parent material formed 
by the weathering of bedrock imme¬ 
diately beneath. Two examples are 
the heavy clay soils formed from 
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Fig. 368. A recent road-cut through a loess hill in the prairie region of eastern Nebraska. Loess 
has a brownish-yellow or buff color and stands in almost vertical walls. (Photograph by V. C. 
Finch.) 


shale and the soils high in sand con¬ 
tent formed from the weathering of 
sandstone. 

Composition of the soil. The princi¬ 
pal ingredients of a soil are mineral 
substances, organic compounds, liv¬ 
ing organisms, water, and air. The 
bulk of most soils is made up of 
earth minerals. These minerals sup¬ 
ply many of the chemical elements 
(about 15) required for the proper 
growth of plants. The more abun¬ 
dant elements in most soils are oxy¬ 
gen, silicon, aluminum, and iron. 
Some elements are secured by plants 
directly from the atmosphere. The 
larger number, however, are taken 
in solution through the root system. 

A soil that is deficient in soluble, 


or easily dissolved, mineral matter is 
a poor soil. Some elements are plen¬ 
tiful in most soils; others are likely 
to be less abundant. Especially is this 
true of calcium, nitrogen, phospho¬ 
rus, and potassium. These four are 
most necessary to the growth of 
plants and constitute the principal 
mineral elements in most commer¬ 
cial fertilizers. 

Calcium is present in the earth’s 
crust especially in the form of lime¬ 
stone. It is necessary, however, for 
the calcium carbonate of limestone 
to be dissolved before it can be used 
by plants. 

Most plants require nitrogen for 
proper growth, and they quickly 
show a deficiency of it by poor 
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growth. There is an inexhaustible 
supply of nitrogen in the air, but 
that is not directly available to 
plants, which must take it from the 
soil in solution. It is made available 
in the soil in the form of soluble 



Fig. 369. Nodules of nitrogen-gathering bac¬ 
teria on the roots of soybean plants. (Courtesy 
Missouri College of Agriculture.) 


nitrates largely through the work of 
microscopic organisms. In this con¬ 
nection the legumes, such as clovers, 
alfalfa, soybeans, and peas, are of tre¬ 
mendous value. On the roots of these 
plants are colonies, or nodules, of 
bacteria (Fig. 369). These bacteria 
have the power of absorbing nitro¬ 
gen from the air. The nitrogen is 
transformed in such a way that it is 
passed on to the plant on which 


the bacteria are growing. Therefore, 
when a legume is plowed under, it 
adds not only vegetable matter to the 
soil but also considerable nitrogen. 
Even though the top part of the plant 
is not plowed under, the root system 
adds some nitrogen to the soil. 

Phosphorus (Fig. 370) and potas¬ 
sium occur in certain rocks and min¬ 
erals but not always in a soluble 
form. Valuable deposits of phosphate 
rock, used in commercial fertilizers, 
are found in Florida and Tennessee. 
For many years the potash deposits 
of Germany have furnished the prin¬ 
cipal supply of potassium. In the 
United States, considerable potash is 
being mined in the vicinity of Carls¬ 
bad, New Mexico. 

The maintenance of soil fertility 
is an ever present and vitally impor¬ 
tant problem. The use of commer¬ 
cial fertilizers is expensive. Fertility 
can be maintained by the conserva¬ 
tion and frequent application of ani¬ 
mal manures and by the use of a 
proper system of crop rotation. 

A 4-year rotation of crops is often 
worked out. In following such a plan, 
corn might be planted the first and 
second years, oats the third year, and 
clover the fourth. Note that a leg¬ 
ume, clover, is included in this 
series of crops. Sometimes the legume 
is plowed under. This greatly en¬ 
riches fhe soil by the addition of 
organic matter. 

Decomposed and partly decom¬ 
posed organic matter is called humus . 
It is largely responsible for the dark 
color of soils due to the presence of 
carbon. As it dissolves, it furnishes 
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Fig. 370. A striking example of soil conservation through man's efforts to aid nature is provided 
by this contrast between two adjoining fields in Marshall County, North Carolina. A few years 
ago the field on the left was badly gullied, similar to the field on the right. Through the use 
of the essential soil mineral, phosphorus, cover crops have stopped the downward spiral of 
soil fertility. (Courtesy Tennessee Valley Authority.) 


certain elements for plant growth 
and yields organic acids that aid in 
the solution of soil minerals. Humus 
is necessary for the growth of certain 
beneficial microorganisms. It also 
helps the soil absorb and hold mois¬ 
ture and improves its quality from 
the standpoint of cultivation. 

Acid soils and alkaline soils. Soil 
water, through the solution of car¬ 
bon dioxide from the air and the 
addition of the products of organic 
decay, tends to become a weak acid. 
Certain alkaline substances in the 
soil, especially lime, neutralize the 
acids. A soil with an excess of acid is 
called an acid, or sour, soil. Strongly 
acid soils generally are unfavorable 
to the existence of earthworms and 
various soil bacteria, especially those 


which transform atmospheric nitro¬ 
gen. Many economic crops will not 
grow on such a soil. The acid condi¬ 
tion may be reduced or corrected by 
the addition of an alkaline substance, 
such as pulverized limestone (Fig. 
371). 

Alkaline soils are more common 
in arid and semiarid regions. Here 
the growth of plants and the accumu¬ 
lation of organic acids are deficient. 
Excessive evaporation of soil water 
leaves the alkaline substances espe¬ 
cially in the top layers. In some 
places strongly alkaline soils may be 
recognized by their white color and 
by the scarcity of vegetation. Such 
soils are practically worthless. The 
condition may be remedied by the 
application of abundant irrigation 




Fig. 371. Lime is being spread on this field to correct an acid soil condition. (Courtesy U. S. 
Soil Conservation Service.) 


water which dissolves and, with greater “feeding area” for the roots 

proper drainage, carries away the ex- of plants than does a sandy soil, 

cess of alkali. Because clay soils have more pore 

Soil particles. The size of soil par- space, they hold more water and re¬ 
ticles is referred to as soil texture . tain it longer than do sandy soils. As 

From coarse to fine, soil particles are a result, certain clay soils sometimes 

graded as coarse sand, fine sand, silt, become very sticky and hard to culti- 

and clay. Most soils consist of a mix- vate. In some regions they are best 

ture of these different-sized particles, adapted to pasture land, although 

with one predominating. Sand and many clay soils are excellent for 

silt consist of mineral particles, wheat production, 

largely insoluble. They furnish, Sandy soils dry rather quickly, 
therefore, little available plant food. Such soils have large pore spaces, 

Clay, on the other hand, is a most but the total pore space is less than 

valuable source of soluble mineral in clay. The large pore spaces readily 

matter. permit air to penetrate the soil. 

The term loam is applied to the Sandy soils usually are easily culti- 

better soils which contain desirable vated. In many places they are used 

proportions of clay, silt, fine sand, for vegetable gardening and fruit 

and humus. The finer the soil par- raising, because in early spring the 

tides, the more surface area they penetration of warm air causes the 

expose. Thus a clay soil offers a much soil to warm rapidly. 
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In many clays and silty soils, it is 
found that the soil particles are ar¬ 
ranged in groups. This grouping is 
called soil structure . The grouping 
of the tiny particles is extremely 
beneficial, because larger pore spaces 
are created which more easily per¬ 
mit the penetration of air and the 
roots of growing plants (Fig. 372). 
In addition, the cultivating quali¬ 
ties of the soil are greatly improved. 
Good soil structure is promoted by 
the presence of lime and by the 
growth and decay of plant roots or 
the addition of organic fertilizers. 

Soil color. In many regions the 
color of the soil is a conspicuous fea¬ 
ture of the landscape. Soils range in 
color through a wide variation of 
shades or tints from white to black. 
Among the commonest colors are 
dull shades of red, rust brown, and 
yellow. These are due to the presence 
of the various oxides of iron. Black 
and dark-brown colors in soils usu¬ 
ally, but not always, mean a consid¬ 
erable content of organic matter. 

Dark soils are better absorbers of 
solar radiation than are those of light 
color; therefore, they tend to be 
warmer. Many dark surface soils are 
underlain by subsoils of a much 
lighter color, often caused by the 
decrease of humus with depth and 
the greater abundance of clay. Loess 
usually is easily identified, because, 
in addition to standing in vertical 
walls like solid rock, it has a uniform 
buff color from top to bottom (Fig. 
368). In general, dark soils are con¬ 
sidered to be more productive than 
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light-colored ones, although this is 
not always true. 

Water and air in soil. Plants absorb 
their food from the soil in solutions, 
but only a few crop plants are able 
to thrive in soils in which the pore 
space between the soil particles is 
completely filled with water all the 
time. Most of them require soils con- 



Fig. 372. Structure and pore space in soil. 


tabling both air and water. The 
penetration of the soil by air permits 
the oxygen, nitrogen, carbon dioxide, 
and other constituents of the atmos¬ 
phere to do their part in soil forma¬ 
tion. 

Soils that are moistened frequently 
have films of water about their par¬ 
ticles. This is called capillary water . 
With its dissolved minerals, it passes 
into the tiny root hairs of growing 
plants. When the supply of capillary 
water is abundant, it moves slowly 
downward under the pull of gravity. 
When the supply is diminished by 
plant use or surface evaporation, it 
may move horizontally or even creep 
upward. The upward movement, 
known as capillary action, or capil¬ 
larity, is much more effective in fine 
clay soils than in sandy soils. Thus 
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Fig. 373. Drainage ditch leading to the Grand River in northwestern Missouri. (Courtesy College 
of Agriculture, University of Missouri.) 


grasses growing on day soils suffer 
less during dry weather than those 
on coarser soils. 

The water that moves downward 
into the zone of ground water may 
be called gravitational water. It and 
the position of the water table de¬ 
pend upon the frequency and 
amount of water received by the soil. 
In dry regions, of course, the water 
table usually is lower than in humid 
regions. That is one reason why al¬ 
falfa is the most important crop 
grown on irrigated lands. Alfalfa, 
unlike clover, develops a root system 
that penetrates deep into the soil. 
Roots 10 to 20 feet in length are not 
uncommon. This valuable hay crop 
will survive in regions of light rain¬ 
fall, because it goes deep after water, 
while a shallow-rooted crop would 
perish. 

Drainage and irrigation. The drain¬ 
age of some soils is necessary to re¬ 
move excess water so that air may fill 


a part of the pore space. Many plants 
are killed by too frequent watering, 
especially in soils that have poor sub¬ 
surface drainage. Soil drainage is 
accomplished mainly by (1) large 
ditches that carry the excess water to 
streams or rivers (Fig. 373) and (2) 
lines of tile, placed about 2 to 4 feet 
beneath the surface to carry water to 
the ditches. The size of ditch and tile 
is determined by the amount of 
water to be removed. In the United 
States, soil drainage has been neces¬ 
sary, especially in the swampy areas 
of the coastal plains, in the flood- 
plains of large rivers, and in the 
marshy parts of the glacial plains of 
the north central states (Fig. 374). 

Irrigation is any artificial method 
by which water is applied to soil for 
the purpose of aiding plant growth. 
It takes various forms, such as pour¬ 
ing water on a potted plant, sprin¬ 
kling the lawn, or turning fine 
streams of water on a garden pro- 
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vided with a system of overhead 
water pipes. Large irrigation projects 
in arid and semiarid lands use canals 
and small ditches which distribute 
water over the fields. In such regions 
the principal sources of water are the 
many reservoirs formed by dams built 
across streams. In the United States 
the large irrigation projects are lo¬ 
cated in the western states. 

Mature and immature soils. A well- 
developed soil is the result of slow 
evolution caused by the physical and 
chemical processes of soil formation 
which operate under a given set of 
environmental conditions. Since en¬ 
vironmental conditions differ greatly 
over the earth’s surface, it follows 
that many different types of soil must 
result. However, soils tend to be 
much alike in certain geographical 
regions where the parent material, 
climate, and natural vegetation are 


fairly uniform. Thus a soil type that 
is characteristic of much of the Great 
Plains of the United States differs 
greatly from one developed, for ex¬ 
ample, under the conditions that pre¬ 
vail in the Amazon basin of Brazil, 
but it may be very much like one 
developed in the plains of southern 
Russia. 

In some places the processes of soil 
formation have been permitted to 
operate without interruption for long 
periods of time. The resulting soil 
in such areas is called a mature soil . 
Such soils best develop on gently 
rolling lands, where drainage is good 
but the rate of erosion slow, and 
where the parent material is fairly 
deep. 

Immature soils are those wherein 
the processes of soil formation have 
been interrupted or hindered by nat¬ 
ural conditions. On steep slopes, for 



Fig. 374. The largest total area needing drainage is the swampy region of the Atlantic and 
Gulf coasts. A second area is the newer glacial drift in Minnesota, Wisconsin, and Michigan. 
(Courtesy U. 5. Department of Agriculture .) 
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example, the topsoil is removed so 
continuously that a mature soil can¬ 
not develop. In areas that are fre¬ 
quently flooded and new deposits of 
alluvium laid down, immature soils 
are to be found. Agricultural prac¬ 
tices such as deforestation, plowing, 
and heavy grazing tend to increase 
the rate of erosion and otherwise to 
destroy mature soils. Yet, when ma¬ 
ture soils are present, they show sig¬ 
nificant similarities over large areas. 

SOILS AND CLIMATE 

Among the various factors that 
combine to transform mantle rock, 
or regolith, into soil, no other is so 
important as the condition ol cli¬ 
mate. Quantity of soil moisture and 
prevalent conditions of soil tempera¬ 
ture affect the soil directly. They 
also condition the growth of natural 
vegetation and the activity of micro¬ 
organisms. These likewise are con¬ 
cerned with soil development. It is 
possible, therefore, to distinguish be¬ 
tween (1) the soils of humid forest 
regions and those of semiarid grass¬ 
lands and (2) the soils of the tropics 
and those of middle or high latitudes. 

Humid forest soils. The mature soils 
of humid regions generally have de¬ 
veloped under natural vegetations of 
forest or woodland which do not add 
large amounts of organic matter to 
them. As a whole, these soils are (1) 
much leached, meaning that frequent 
rains dissolve and remove soluble 
mineral matter; (2) prevailingly light 
in color; and (3) characterized by a 
comparatively low content of both 


organic matter and mineral plant 
foods. 

Tropical red soils are the most 
widespread soils of the humid tropics, 
particularly of the regions of tropical 
rainforest climate. Red soils of vari¬ 
ous kinds cover large areas in the 
Amazon basin, in central and west 
central Africa, and in other tropical 
regions. As a result of leaching, the 
tropical red soils are low in most of 
the mineral elements needed by 
plants. Their nitrogen content is 
only moderate. Some plant remains 
are carried down into them by ants 
and other earth-dwelling organisms, 
but high temperatures promote the 
rapid oxidation of such materials, 
and heavy rainfall leaches the prod¬ 
ucts of oxidation out quickly. 

For these reasons the tropical red 
soils are only moderately good for 
ordinary field crops. They are bene¬ 
fited by the use of certain kinds of 
fertilizers but not by others that are 
quickly removed in solution. The 
primitive inhabitants of tropical red 
soil regions till small clearings in the 
forests; as the soil becomes unpro¬ 
ductive, they move and make new 
clearings. 

Some tropical red soils have been 
so much leached under special condi¬ 
tions that they are porous and ex¬ 
tremely infertile. These are called 
lateriteSy and the term laterite is 
sometimes mistakenly applied to any 
red soil of the rainy tropics. How¬ 
ever, the true laterites are believed 
to be of limited extent. 

It should not be inferred that all 
soils of the humid tropics are infer- 



SOILS 


433 



Fig. 375. A newly cleared forest podzol, east of Peace River, Alberta. The plow has turned under 
the surface layers and has exposed the fluffy whitish-gray sand. (Photograph by V . C. Finch.) 


tile. In many parts of the tropics and 
subtropics are types of soil that may 
be called modified tropical red soils. 
Some of them are rich alluvial silts 
in river floodplains; others are found 
on slopes where erosion has removed 
the leached upper soil layers, expos¬ 
ing fresh young earth minerals from 
beneath. In general the agricultural 
productivity of these soils is superior 
to that of the common types of ma¬ 
ture red soils. 

Podzols are the typical mature soils 
of regions having subarctic climate 
(Fig. 375). They are developed under 
a natural vegetation of coniferous 
forests. True podzols cover vast areas 
in northern Canada and northern 
Russia and smaller areas in other lo¬ 
calities. The long, cold winter and 
moderate summer temperatures and 


a forest litter of resinous pine needles 
retard bacterial action. Formed on 
the surface is a brown layer of raw 
humus or half-decomposed organic 
remains. This spongy material re¬ 
tains water that becomes highly acid 
and is unfavorable to the existence 
of earthworms. The customary and 
valuable work of earthworms in 
mingling the decayed vegetation 
with other parts of the soil is not 
accomplished. Beneath the top layer 
of organic remains is a layer of gray¬ 
ish-white soil, low in fertility. The 
podzols, as a whole, are poor agri¬ 
cultural soils. 

Modified podzolic soils, developed 
under deciduous forests with an ad¬ 
mixture of shrubs and grasses, are 
superior to the subarctic type. They 
cover considerable areas in a belt ex- 
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Fig. 376. A vertical section in a mellow grassland soil of the chernozem type, near Hythe, 
Alberta. The deep penetration of grass roots is shown clearly. (Photograph by Mary McRae 
Colby.) 


lending from southern Missouri to 
New York and across Europe from 
France through central Russia. That 
these soils are superior to the true 
podzols is shown by the fact that 
thousands of square miles of decidu¬ 
ous forests have been cleared of trees 
in order to make the soil available 
for agricultural production. The hu¬ 
mus formed by the broad leaves of 
deciduous trees is superior to that 
formed by the needles of the coni¬ 
fers. The organic matter contains 
some lime, so that the modified pod¬ 
zols are less acid than the true pod¬ 
zols. This condition promotes the 
beneficial soil-building activities of 
earthworms and other soil organisms. 

Grassland soils. In regions where 
the moisture supply is almost, but 
not quite, sufficient to support a for¬ 
est vegetation, it normally is suffi¬ 
cient to support a dense and luxuri¬ 
ant growth of grasses. The growth 
and annual death of a part of the 


thick grass sod and its fibrous roots 
add organic matter in the soil where 
it decomposes slowly and gives rise 
to a large supply of humus. This hu¬ 
mus is not confined to the surface 
but extends to depths of from sev¬ 
eral inches to 3 or 4 feet. Slow leach¬ 
ing, a result of less rain, leaves suffi¬ 
cient lime in the soil to aid in 
promoting excellent structure. The 
abundant and deep organic material 
produces dark soils and contributes 
much to the agricultural strength for 
which these soils are famous. 

Among the grassland soils, the 
chernozem (a Russian word meaning 
black earth) is considered to be the 
finest type developed (Fig. 376). In 
North America this soil forms a belt 
through Saskatchewan southward 
across eastern North Dakota, South 
Dakota, Nebraska, and central Kan¬ 
sas, Oklahoma, and Texas. Another 
belt is found in southern Russia, just 
north of the Black Sea, Smaller areas 
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occur in eastern Argentina, near 
Buenos Aires; in Manchuria; and 
in eastern Australia. Considerable 
areas are found in the African grass¬ 
lands bordering the tropical rain¬ 
forest. 

The surface material of the cher¬ 
nozem is black or dark brown in 
color. When cultivated, this soil, be¬ 
cause of its excellent structure, crum¬ 
bles into a fine seedbed having a 
large capacity for holding water. The 
reserves of both organic and mineral 
plant foods are so abundant that the 
soils will stand cropping for long 
periods without fertilization. In gen¬ 
eral there are no better soils for pro¬ 
ducing cereals, cotton, and other 
crops that draw heavily upon soil fer¬ 
tility. The two outstanding belts of 
chernozem soils in North America 
and Russia suffer, however, from 
their location in the interiors of con¬ 
tinents where drouths often hinder 
crop production. 

East of the chernozem belt in 
North America are the so-called prai¬ 
rie soils. They form the rich corn-belt 
soils of Illinois, Iowa, and northern 
Missouri and have been developed 
mainly in regions of older glacial 
drift. Prairie soils resemble cherno¬ 
zems in dark color, but they are not 
so rich in lime content. However, 
they rank among the most produc¬ 
tive soils of the world. From the 
chernozem belt to the Rocky Moun¬ 
tains are brown soils that have re¬ 
sulted mainly from the growth of 
short grasses. 

Desert soils. The typical soils of 
arid lands develop under sparse vege¬ 


tations composed largely of widely 
spaced desert shrubs. They therefore 
lack the abundant organic matter ol 
grassland soils. Light-colored soils 
predominate. This is due in part to 
the low humus content and the pre¬ 
dominance of weathered rock min¬ 
erals, often including much lime or 
other alkaline materials. Desert soils 
tend to be low in nitrogen but may 
contain large supplies of soluble min¬ 
erals. Some of these soils, when irri¬ 
gated and given proper care, may be 
made highly productive. 

SOIL CONSERVATION 

Plain talk. Soil statistics tell an un¬ 
pleasant truth. Careful measure¬ 
ments show that the people of the 
United States are permitting about 
500,000 acres of land to go down to 
ruin each year. 1 This means an an¬ 
nual loss of about 3 billion tons of 
soil, soil that is either washed or 
blown away. Since we have no more 
new land to exploit, this careless 
waste of our most precious resource 
amounts to a national crime . 

Vast areas of mountains, plateaus, 
and deserts in the United States are 
capable of producing very little food. 
Soils of the eastern states have been 
drained of their productive capacity 
to a considerable extent. Our coun¬ 
try is now mainly dependent for its 
food supply on the soils of the Mid¬ 
dle West and the South, and it is in 

1 Soil Conservation, Nov., 1946, p. 83. 
Official publication of the Soil Conservation 
Service, U. S. Department of Agriculture, 
Washington. 
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these two extensive regions that soil 
losses are alarming. 

The population of the United 
States is about 140 million. Some 
authorities on resources and popula¬ 
tion are saying that there should be 
no further increase in total popula¬ 
tion of the country. Their main rea¬ 
son for such a statement is that much 
of our soil is worn out, while good 
soils are being rapidly eroded away. 
Loss of soil fertility and of soil ton¬ 
nage means a steady decline in the 
food-producing capacity of any na¬ 
tion, state, or community. Shall we 
plan on a stationary population with 
a sufficient food supply produced 
mainly at home? Or shall we permit 
population to reach 200 million or 
more and depend to a considerable 
extent on imported food supplies? If 
we choose the latter, from what coun¬ 
tries may we expect to secure great 
quantities of food? We must remem¬ 
ber that the population of the entire 
earth has increased. In 1750, it was 
about 650 million; today it is more 
than 2 billion. 

Causes of soil erosion. Grass sod 
serves as an excellent binding ma¬ 
terial for a soil. When that sod is 
broken by the plow, the danger of 
soil removal by running water and 
high winds is greatly increased. Like¬ 
wise, deforestation exposes soils to 
the heavy downpours of occasional 
storms, and, especially on hill slopes 
or in mountains, the amount and 
rapidity of the resulting soil erosion 
present a most serious problem. 
Truly it can be said that man’s use 
of soil and forest has played into the 


hands of the processes of degrada¬ 
tion. 

Destructiveness of soil erosion. Some 
idea of the destructiveness of soil ero¬ 
sion in the United States may be had 
from a government report that states 
that the annual losses of plant nutri¬ 
ents from the cropped lands and pas¬ 
tures of the country through leaching 
and erosion are almost 6 times greater 
than the quantity of those elements 
removed from the same lands in 
crops or forage. We learn from the 
same report that 

. . . already the utility of approxi¬ 
mately 85,000,000 acres of formerly good 
farmland has been essentially destroyed, 
insofar as the production of cultivated 
crops is concerned, chiefly by gully ero¬ 
sion. This represents an area about the 
si/e of Pennsylvania, Massachusetts, and 
Connecticut combined, or 218,000 farms 
of 160 acres each. From about 125 mil¬ 
lion additional acres—land still largely 
in cultivation—the topsoil, representing 
the most productive part of the land, 
has been washed off or largely washed 
off by the erosive action of unrestrained 
runoff of storm waters. In addition, ap¬ 
proximately 100 million acres of culti¬ 
vated land are starting in the direction 
of the 125 million acres of impoverished 
soil-stripped land. These prodigious 
losses do not take into account the wide¬ 
spread erosional wastage that is speed¬ 
ing up over the vast domain of the 
western grazing areas [Fig. 377]. 2 

Kinds of soil erosion. One of the 

most widespread and least noticed 

2 National Resources Board. Report on 
National Planning and Public Works in 
Relation to Natural Resources , p. 161. Gov¬ 
ernment Printing Office, Washington, 1934. 
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Fig. 377. A large part of the United States has already suffered severe loss through soil erosion. 


kinds of erosion on tilled land is 
sheet wash. This may be accom¬ 
plished by the removal of a uniform 
thin layer of soil, but more com¬ 
monly it results from the formation 
of myriads of tiny gullies (Fig. 378). 
These gullies are so small that they 
may be erased by the next cultiva¬ 
tion of the field; but others soon 
form, and the stripping process con¬ 
tinues. This phase of soil erosion is 
the more harmful because it removes 
the finer and more fertile of the soil 
particles first. 

A second type of soil erosion is 
gullying. Successive downpours of 
rain will cause a gully to become 
rapidly wider and deeper. At the 
same time it becomes longer by head¬ 
water erosion. In some soils a single 
thunderstorm will produce new gul¬ 
lies a foot or two in depth. If the 


gullies are allowed to become larger, 
they soon interfere with the processes 
of planting and cultivation (Fig. 
379). 

A third type of soil erosion is 
caused by the wind. From all plowed 
fields, especially those which are dry, 
some soil is removed by high winds. 
In the United States, however, more 
serious wind erosion has occurred in 
the semiarid lands of western Kansas 
and Oklahoma and eastern Colorado. 
As more land in this region is culti¬ 
vated, duststorms seem to increase in 
number and severity. During the pro¬ 
longed drouth of 1934, millions of 
tons of fertile topsoil were drifted 
about like snow by storms or were 
lifted so high into the air that quan¬ 
tities settled far to the eastward. The 
huge dust clouds that may be seen 
in New Mexico strongly resemble the 
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Fig. 378. The type of soil erosion shown in this picture is the result of planting corn rows up 
and down slopes that are too steep. Small gullies develop in an unbelievably short time. (Courtesy 
U. S. Soil Conservation Service.) 



Fig. 379. Gullied and abandoned, the field at left shows vividly the wasteful practice of row¬ 
cropping hillsides. The ad|oining hillside still produces a meager crop but will not last much 
longer. (Courtesy Tennessee Valley Authority.) 
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Fig. 380. This field slopes gently enough so that soil erosion and water runoff can be controlled 
by contour-farming and strip-cropping. The farmer is plowing on the contour, following a stake 
line visible on the far side of the plowed area. (Courtesy U . S. Soil Conservation Service.) 


black clouds of an approaching thun¬ 
derstorm. In such dust clouds the 
total weight of soil being transported 
probably runs into the hundreds of 
tons. 

Reduction of soil erosion. The seri¬ 
ousness of the soil-erosion menace is 
barely beginning to be realized in 
America, and too little is being done 
to reduce the loss. Certain preven¬ 
tive methods may be used to reduce 
the rate of destructive erosion. A pro¬ 
gram of planned soil conservation 
should be supported. 

Such a program must include a 
slow return to permanent forest or 
permanent grass on those lands where 
erosion has progressed so far as to 
destroy the value of the land for 
tillage. It must include also means of 
protecting, by conservative methods 


of tillage and management, those 
areas which are best suited to and 
are required for crop production, so 
that they may continue to be pro¬ 
ductive for hundreds or thousands 
of years to come (Figs. 380, 381). 

Among the methods having this 
latter end in view, specialists in ero¬ 
sion control recommend (1) the con¬ 
struction of dams or obstructions to 
erosion in gullies already formed; (2) 
the plowing and tilling of land along 
contour levels in order to cause fur¬ 
rows to run across the land slope and 
thus reduce the rate of sheet wash; 
and (3) the construction of contour 
terraces with embankments of sod, 
brush, or other soil-retaining vegeta¬ 
tion at intervals to deflect surface 
drainage and prevent the formation 
of gullies. The third method is much 
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Fig. 381. Strip-farming in Brown County, Texas. This is another method of checking disastrous 
soil erosion. Strips of wheat and sugar cane are each 100 feet wide. The cane is used for 
ensilage. (Courtesy U, S. Soil Conservation Service .) 


employed now in the South and 
should have wider application. 
Above all, is required an awakened 
consciousness of the need for soil 
protection and of the disastrous con¬ 
sequences that may arise from the 
ruthless waste of this resource. 

SUMMARY 

Transported soils include alluvial 
soils, glacial drift, and loess. Residual 
soils are formed by the decay of bed¬ 
rock just beneath them. The neces¬ 
sary constituents of a good soil should 
be maintained by crop rotation and 
fertilization. In general, mature soils 


are richer than immature soils. Also, 
grassland soils are more productive 
than are forest soils. 

Methods of soil conservation in¬ 
clude the following: (1) crop rota¬ 
tion, (2) contour plowing, (3) the ter¬ 
racing of hill slopes, (4) use of grasses 
to bind soil and thus to check ero¬ 
sion, (5) protection of woodlands and 
grasslands against fire, (6) systematic 
pasture management, (7) control of 
gullying, (8) restoring badly eroded 
soils to grasses, legumes, or tree 
crops, (9) construction of farm ponds 
and reservoirs to impound surplus 
water, and (10) the use of commercial 
fertilizers. 


QUESTIONS 

1. In what ways may soil fertility be reduced? 

2. Why is it necessary that soil fertility be maintained? 
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3. What are the principal processes involved in the evolution of a soil? 

4. What organisms aid in soil formation? 

5. Explain the formation of the three kinds of transported soils. 

6. What is a residual soil? Give two examples. 

7. Name the five principal ingredients of a soil. 

8. Why must a soil contain soluble mineral matter? 

9. Most commercial fertilizers contain what four mineral elements? 

10. What rock furnishes a supply of calcium for many soils? 

11. What is a legume? Why are such plants of great value in maintaining 
soil fertility? 

12. Mention two regions that produce phosphate rock; potash. 

13. What are two relatively inexpensive methods of maintaining soil 
fertility? 

14. What is crop rotation? What rotations (if any) are used in your lo¬ 
cality? 

15. Explain what is meant by the humus content of a soil. In what three 
ways is humus of value to a soil? 

16. What is an acid soil? How may acidity be reduced? 

17. Where are alkaline soils most common? Why? 

18. What color are some alkali soils? How may the excess of alkali be 
removed? 

19. Define soil texture. Give examples. 

20. How do silt and clay differ as to soluble mineral content? 

21. What is meant by the term loam as applied to soils? 

22. Contrast clay and sand as to water-holding capacity. 

23. For what uses are clay soils best adapted? sandy soils? 

24. Define soil structure. Give two reasons why good soil structure is 
very desirable. 

25. Explain the cause of certain soil colors. 

26. Why do some soils grade from black to yellow with depth? 

27. How can loess be identified? 

28. How does soil color influence absorption of solar energy? 

29. Why is air necessary in soil? 

30. What is capillary water? capillary action? gravitational water? 

31. Why is alfalfa well adapted to irrigated lands? 

32. Why must some soils be drained? What two methods are used? 

33. In what parts of the United States is soil drainage needed? 

34. Define irrigation. What methods are used? 

35. Explain mature and immature soils. 

36. Mention three characteristics of mature soils of humid forest lands. 

37. What are laterites? Where are they found? In general are they highly 
productive soils or not? Why? 
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38. What are podzols? Where are they found? In general are they highly 
productive soils or not? Why? 

39. Where is the belt of modified podzolic soils in the United States? 

40. Why are grassland soils likely to be more fertile than forest soils? 

41. What arc chernozems? Where are they found? What is the disadvan¬ 
tage of their location in Russia and North America? 

42. Where are prairie soils found in the United States? 

43. Mention two characteristics of typical desert soils. 

44. How is soil erosion checked by forests? by grass sod? 

45. What is the estimated annual rate of soil loss by erosion? 

46. Give one reason why there should be little if any further increase in 
population of the United States. 

47. Explain sheet wash. 

48. Small areas of light-colored soil may be noticed in the higher parts 
of freshly plowed fields. Explain. 

49. What damage is done by gullying? flow may this type of soil erosion 
be checked? 

50. Where in the United States have duststorms been especially destruc¬ 
tive? What would help to check such erosion? 

51. List what you consider to be the five most important methods of soil 
conservation. 

SUGGESTED ACTIVITIES 

1. Secure samples of several different kinds of local soils. Compare the 
soils as to color, texture, structure, and humus content. Which soil is su¬ 
perior from the standpoint of cultivation? Do any local soils have a so-called 
“hardpan”? (Look up the meaning of this expression.) 

2. Using litmus paper, test several soils for acidity. 

3. If possible, secure samples of loess, alkali, prairie, and forest soils. 
Examine them carefully. 

4. Make field trips to study methods of soil drainage or irrigation, if 
they are to be observed in your community. Notice also any places where 
destructive soil erosion is evident. Are any methods being employed to check 
the erosion? 

5. While driving across country, watch for places where sheet erosion 
has removed much of the black topsoil, exposing a considerable area of 
lighter colored clay soil. 

6. Bring to the laboratory the root system of some legume (clover or 
alfalfa). Note the nodules formed by the nitrogen-gathering bacteria. 

7. If possible, secure soil maps of your county and state. Study these 
carefully. 

8. Secure a glass tube 2 or 3 feet long, with an inside diameter of 1 or 2 
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indies. Along the roadside or at the edge of a gully find a place where the 
soil layers from the surface downward are exposed. Fill the glass tube to 
correspond with the layers observed. Such a collection is called a soil profile. 

9. Write to your state college of agriculture for a list of bulletins deal¬ 
ing with the subject of soils. Some colleges sell samples of soil from various 
parts of the state at small cost. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 

1. The Soils of the Local Community 

2. Relation of Local Soils to Farm Value 

3. Productivity of Local Soil Types 

•1. Methods Used to Check Soil Erosion 

5. Crop Rotation as a Means of Soil Conservation 

6. Legumes Used in Crop Rotations 

7. Texture of Different Local Soils 

8. Drainage, or Irrigation, of Local Soils 

9. The Chernozem Belt of North America 

10. The Loess Region of Northern China 

11. Forest Soils versus Prairie Soils 
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CHAPTER 18. 


Mineral Fuels, Ores, and 
Other Economic Minerals 


Modern industrial civilization is 
based to a large extent upon the 
mineral fuels, principally coal and 
petroleum. Some knowledge of these 
fundamental, nonrenewable earth re¬ 
sources is necessary to an understand¬ 
ing of the industrial development 
and economic problems of certain re¬ 
gions and countries. The United 
States not only ranks high in coal and 
petroleum resources but has avail¬ 
able also great quantities of natural 
gas and much undeveloped water 
power. 

Outside those natural resources 
necessary to life itself, it is probable 
that coal would be missed more than 
any other, and without doubt iron 
would be next in order. Electric 
power is generated by the use of coal, 
petroleum, and water power. Here, 
again, coal is the most important 
source of power, although certain 
hydroelectric developments, such as 
Niagara Falls, the Tennessee Valley 
Authority, and others, distribute tre¬ 
mendous quantities of electric energy 
over considerable areas. Even the 
widespread use of electric power in 
the United States, however, is far 


behind that of certain European 
countries. 

COAL 

Coal is a form of sedimentary rock. 
It consists of materials derived largely 
from the carbon of plant tissues. In 
the geologic column (Appendix G), 
the coal age is called the carbonifer¬ 
ous age. Even thin beds of coal rep¬ 
resent long periods of accumulation 
during which plant remains were pre¬ 
served from the ordinary processes of 
complete decay. They were buried 
underneath swamp waters and later 
beneath layers of mud, sand, or lime. 
Such deposits of plant remains accu¬ 
mulated mainly in ancient swamps. 

The original position of all swamp 
deposits is nearly horizontal. When 
such deposits are buried beneath 
other sediments, they become mem¬ 
bers of a series of horizontal sedi¬ 
mentary rocks. The coal beds of some 
of the greatest coal fields of the 
world have still an essentially hori¬ 
zontal position, a condition that sim¬ 
plifies the problems of coal mining. 
In some fields the beds are not hori- 
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Fig. 382. Giant furrows turned by power shovels in the process of strip-mining in southern Illinois. 
The 4-foot bed of coal exposed in the bottom of the trench is mined out before the next furrow 
is turned. 


zontal but are considerably warped, depths and thicknesses of coal layers 
or folded. This has caused meta- and their approximate area. In this 
morphism of the coal in a few locali- way estimates of coal reserves avail- 
ties. able for future use are made. 

Most individual coal beds are rela- Varieties of coal. Several varieties 
tively small in area. Such, however, of coal are recognized, each repre- 
is not necessarily true of coal fields, senting a stage in the evolution of 
In the regions now occupied by some swamp deposits into high-grade coal, 
of the greater fields, swamp evidently It may be assumed that all coal 
existed over wide areas and for long began as peat. This substance con- 
periods of time. In such regions it is sists of preserved but crumbled and 
probable that individual swamps blackened organic remains. Itissimi- 
flourished, disappeared, and were lar to that which may be seen under¬ 
buried beneath earthy sediments. In lying present swamps and bogs. The 
later years another swamp formed higher forms of coal are a result of 
above the old one but was separated the transformation of peat. This is 
from it by layers of sediment. In cer- brought about largely by the weight 
tain localities a half-dozen or more of overlying rock and crustal disturb- 
coal beds are known to lie one above ances, such as folding of rock layers, 
another, separated by various thick- Lignite 3 a crumbly brown coal, is 
nesses of sedimentary rock. By drill- a somewhat older and more compact 
ing test holes, geologists learn the substance than peat. 
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Bituminous, or soft, coal is next in 
order. There arc many grades of bi¬ 
tuminous coal. Of great importance 
is coking coal, suitable for the manu¬ 
facture of coke of the type required 
in iron-smelting furnaces. Other 
grades are called noncoking , but they 
may be well suited to use as fuel for 
the production of power or for heat¬ 
ing. 

Anthracite, or hard coal, probably 
resulted from metamorphism of bitu¬ 
minous coal through further com¬ 
pression of the coal beds, especially 
when accompanied by warping and 
faulting. This transformation pro¬ 
duced a coal that is low in gas and 
high in carbon. Anthracite, there¬ 
fore, is nearly a smokeless fuel. 

Accessibility of coal. Accessibility of 
coal deposits means nearness of the 
coal field to markets and depth of 
the coal layers, nature of intervening- 
rocks, and other factors affecting the 
ease with which it may be mined. 

Consider the second meaning. In 
some localities of little-disturbed sed¬ 
imentary rocks, coal beds are found 
so close to the surface that they may 
be mined in open pits alter the re¬ 


moval of only a few feet of overlying 
earth or rock (Fig. 382). In others 
they are so far underground as to be 
reac hed only by mine shafts of great 
depth. In still others, although orig¬ 
inally they were deeply buried, the 
coal beds are now made readily ac¬ 
cessible by deep valleys which expose 
outcrops of coal among the rocks of 
the valley walls (Figs. 383/4, 384). 

In regions of complicated rock 
structure, coal beds, once horizontal 
but now greatly folded, present vari¬ 
ous degrees of accessibility. In some 
localities erosion exposes parts of the 
coal beds at the surface. In others the 
beds are bent downward to great 
depths or are displaced or shattered 
by faulting. In such structures the 
difficulties of mining are greatly in¬ 
creased (Fig. 383 B). 

North America not only is the con¬ 
tinent of greatest coal production 
but also is credited with the greatest 
of all coal reserves. These have been 
estimated at 5 trillions of tons. This 
is more than two-thirds of the total 
estimated supply of the world. The 
coals include representatives of every 
(lass from high-grade anthracite to 


THE APPALACHIAN BITUMINOUS FIELD THE PENNSYLVANIA ANTHRACITE FIELD 
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Fig. 383. Typical cross sections in American coal fields. Note the contrast in the common rela¬ 
tionships of surface and structure in the bituminous and anthracite fields of the Appalachian 
coal regions. 
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the lowest grades of lignite. They are 
contained in several fields, the loca¬ 
tion and extent of which are shown 
in Fig. 385. 

Appalachian coal field. The Appa¬ 
lachian is the most important coal 
field of the continent. It is composed 
of two principal subdivisions. 

1) The anthracite region is a 
small, highly folded section in the 
riclge-and-valley region of northeast¬ 
ern Pennsylvania. In this region are 
many cities dependent upon the an¬ 
thracite mines. Scranton and Wilkes- 
Barre are two of the most important. 
Numerous railroad lines carry the 
coal to many markets. This region 
is the source of most of the anthra¬ 
cite used in America, but the supply 
is limited. Moreover, the coal seams 
are not easily accessible (Fig. 3832$). 
These fac tors make anthracite an ex¬ 
pensive fuel. 

2) The bituminous region is a 
large area of little-folded rocks which 
contain numerous beds of bitumi¬ 
nous coal, some of them thick and 
of high quality. This region extends 
from northwestern Pennsylvania to 
northwestern Alabama. Some of the 
coal beds are of the high quality re¬ 
quired for the manufacture of coke 
needed in the blast furnaces of steel 
mills. That is particularly true of 
one deposit of great thickness and 
large extent in western Pennsylvania. 
It was the basis of Pittsburgh’s early 
supremacy in iron and steel manu¬ 
facture, and it still furnishes coke for 
that city and several others. 

More than three-fourths of the 
high-grade coal of the continent is 


obtained from the Appalachian bi¬ 
tuminous field. In many places it is 
easily mined. Deep valleys expose the 
coal beds along the valley walls, and 
mining is relatively simple. The 
abundance, accessibility, and high 
quality of these coal deposits give the 



Fig. 384. A stratum of bituminous coal out¬ 
cropping, along with other sedimentary strata, 
in a road-cut on a West Virginia hillside. 


Appalachian field first importance in 
America and perhaps in the world. 

Near the southern end of the field 
is Birmingham, Alabama. Here are 
found suitable deposits of iron ore, 
limestone, and coal, a combination 
that has made Birmingham an im¬ 
portant iron and steel center. 

Other North American fields. The 
interior region of the United States 
also is abundantly provided with 
coal fields. Next to Pennsylvania and 
West Virginia, Illinois is a heavy pro¬ 
ducer. Farther west, c oal is mined in 
a region that extends from Iowa 
through Missouri, Kansas, and Okla- 


448 


THE EARTH AND ITS RESOURCES 



homa and into Texas. The great 
share of this coal is bituminous, some 
of it rather low grade. 

Throughout the Rocky Mountain 
region, from Alberta to New Mexico, 
are rather widely separated coal-pro¬ 
ducing areas. Here, again, the coal 
is mainly bituminous. On the Pacific 
coast, two small areas are of note, 
one in Vancouver Island, the other 
in southern Alaska. Rather extensive 
deposits of lignite are found in parts 
of Texas, Louisiana, and other south¬ 
ern states and in Montana, the Da¬ 
kotas, and southern Saskatchewan. 

South America. Of all the conti¬ 
nents, South America has the mis¬ 
fortune to be the least well endowed 
with coal. There are in its entire ex¬ 
tent very few areas of coal-bearing 


rocks. Only in the Andes of Peru and 
on the coast of central Chile are 
there known deposits of value. Obvi¬ 
ously, this shortage has been a seri¬ 
ous handicap to the industrial devel¬ 
opment of South American countries. 

Europe. European coal fields are 
more productive than any in other 
parts of the world, except those of 
North America. In total coal reserves 
it is estimated that Europe ranks 
third among the continents. North 
America first, and Asia second. 

British coal fields occupy no less 
than six distinct regions in England, 
Scotland, and Wales (Fig. 386). The 
coal is mainly of bituminous quality 
or better. Associated with each of the 
major fields is an important indus¬ 
trial district. The region of South 
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Wales is especially well situated for 
the export of coal. Some of the mines 
today extend far underground, 
greatly increasing the cost of produc¬ 
tion. The total quantity of coal re¬ 
maining in Great Britain is sufficient 
for many years to come. 

Continental European coal fields 
are numerous, but none covers so 
much area as the larger North Amer¬ 
ican fields. Little coal of importance 
is found in the Mediterranean basin 
or in the ancient crystalline rocks of 
Scandinavia and Finland. The more 
important fields and better grades 
of coal lie in a centrally located 
belt extending from northern France 
through Belgium, Germany, Czecho¬ 
slovakia, and Poland into Russia 

(Fig- 387). 

Germany is estimated to have the 
greatest coal reserves of any Euro¬ 
pean country. A most important 
coal-producing region is that which 
lies in northern France, extending 
through central Belgium into Ger¬ 
many. The field of western Germany 
is of particular importance because 
it is the present center of the heavy 
iron and steel industries of Germany. 
Nearby is the coal field of the politi¬ 
cally famous Saar basin. Another im¬ 
portant field is in eastern Germany. 
Probably the most important field in 
Russia is that of the Donetz basin in 
the south. It is the center of heavy 
industry in modern Russia. 

Asia. It is believed that Asia con¬ 
tains larger coal reserves than any 
other continent except North Amer¬ 
ica. Figure 388 indicates the location 
of the known fields of major impor¬ 


tance. China is thought to have more 
than three-fourths of the total re¬ 
serves. The quantity of high-grade 
coal in China is estimated to be 
greater than that of any other coun¬ 
try in the world, except the United 



States. Other important coal reserves 
are in Siberia and India. 

Africa and Australia. The princi¬ 
pal coal fields of Australia are near 
the eastern coast. Because of its abun¬ 
dance, good quality, and accessibil¬ 
ity, Australian coal is the leading 
source of supply in the Southern 
Hemisphere. In the huge continent 
of Africa, the principal coal reserves, 
located mainly in the extreme south- 
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eastern part, arc less than those of 
Australia (Fig. 389). 



Fig. 388. Principal coal fields of Asia. The 
fields of Shensi and Shansi, China, dominate 
the coal resources of Asia. 


Conservation of coal. The known 
reserves of coal in the United States 
are much greater than those of pe¬ 


troleum. Long after petroleum has 
become scarce, coal will still be in 
use. Our great supply of coal, how¬ 
ever, is no reason for us to be waste¬ 
ful with it. Several conservation 
measures can be employed. Some of 
them are 

1) Reduce the waste caused by im¬ 
proper mining methods. 

2) Improve the efficiency of coal¬ 
burning furnaces. 

3) Improve the quality of poorer 
grades of coal by chemical treatment. 

4) Avoid waste in making coke. 

5) Improve the efficiency of steam 
engines and steam turbines. 

We in the United States are min¬ 
ing our valuable mineral fuels at an 
enormous rate. Annual production 
of coal has been in the neighborhood 
of 600 million tons, and of petro¬ 
leum 1% billion barrels. These stag¬ 
gering figures should make us more 
conscious than ever of the need of 
conservation. 
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PETROLEUM 

Petroleum, natural gas, and as¬ 
phalt are related earth materials, 
probably of organic origin. Crude 
oil as it comes from the ground is a 
thick, greenish-black or brown liq¬ 
uid. Because of its chemical nature 
it may be split up into a great num¬ 
ber of products suited to many uses. 

Petroleum and its related sub¬ 
stances are found in quantity in sedi¬ 
mentary rocks only. Probably this is 
because these substances are derived 
from microscopic marine organisms 
whose remains were originally inter¬ 
mingled with marine deposits. Gen¬ 
erally they are found in porous rocks, 
especially sandstone. The oil and 
gas fill the pore space in the rock. 
Some porous limestones have been 
found to contain petroleum. Oil 
sands sometimes occur far below the 
earth’s surface. A few wells have 
been drilled to a depth of over 2 
miles. 

Oil pools are bodies of oil trapped 
in some kind of pocket from which 
they cannot escape. Such a pool may 
occur in the sandstone of an anti¬ 
cline, especially where the sandstone 
is capped by an impervious rock, 
such as shale (Fig. 390). The oil and 
gas, being lighter than water, tend 
to rise to the top of the sandstone 
“dome” and are there held in cap¬ 
tivity by the overlying rock forma¬ 
tion. 

Fields in the United States. The 

United States is fortunate in having 
several regions in which petroleum 
and gas are found. The production 


of these fuels in the United States far 
exceeds that of any other country. 
Each region includes a number of 
fields, which vary in production. 
Some produce both oil and gas; some 
yield oil but not much gas; others 
yield gas alone. In every productive 
field are many wells that have been 
abandoned. 



Fig. 389. Principal coal fields of South Africa 
and Australia. 


The principal regions of oil and 
gas production, indicated in Fig. 391, 
are as follows: 

1) Appalachian region: The first 
oil and gas field to be developed on 
a modern scale was in the Allegheny 
region of America. That region was 
for many years the most productive 
in the world. Pools occur intermit¬ 
tently from western New York to 
Tennessee. Petroleum of this region 
is noted for its superior quality, 
which involves low sulfur content; 
ease of refining; and the fact that, 
upon distillation, it leaves a residue 
of paraffin rather than asphalt. This 
region long ago reached its peak of 
oil production. However, much nat¬ 
ural gas remains. It is a valuable fuel 
in home and factory. Of all the fuels, 
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Fig. 390. One form of structure in which petroleum is entrapped. Note the relation between the 
locations of several wells and the nature of their products. The existence of this anticlinal 
structure is not evident from the surface relief. 



Fig. 391. Many of the pools in the principal petroleum fields of the United States are very small. 
Only the larger ones have been included on this map, and in some cases the areas have been 
enlarged or combined to make them visible at this map scale. 
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natural gas probably is the most per¬ 
fect. 

2) Eastern interior region: Fields 
of importance are located in Ohio, 
Indiana, Illinois, and Michigan. Pro¬ 
duction in this region is small com¬ 
pared with that of the Mid-Continent 
region. In past years, however, the 
field in southern Indiana and Illinois 
was of considerable importance. New 
discoveries in Illinois are bringing 
this field back into prominence 
again. 

3) Mid-Continent region: This in¬ 
cludes several widely scattered fields 
and hundreds of pools in Kansas, 
Oklahoma, central and western 
Texas, southern Arkansas, and north¬ 
ern Louisiana (Fig. 392). Petroleum, 
of both paraffin and asphaltic types, 
is found in abundance. This region 
produces about two-thirds of the 
entire United States output. Some 
pools have been exhausted, but 
deeper drilling has reached oil in 
older rocks. 

Both oil and natural gas are trans¬ 
ported in underground pipe lines to 
many parts of the United States (Fig. 
393). Natural gas was once so abun¬ 
dant that much of it was wasted. It is 
said that the huge quantity of gas 
allowed to escape daily in the process 
of getting oil from the Texas Pan¬ 
handle field alone was the full equiv¬ 
alent of more than 1000 carloads of 
coal. There is no reasonable defense 
for such ruthless waste of a nonre¬ 
newable resource. 

4) Gulf coast region: Numerous 
pools are found in coastal Texas and 
Louisiana. Much of this oil is piped 


to Gulf coast cities, loaded on oil 
tankers, and shipped to both Ameri¬ 
can and foreign seaports. 

5) Rocky Mountain region: This 
comprises many fields distributed 



Fig. 392. A portion of the Mid-Continent oil 
field in southeastern Kansas, showing the many 
individual pools that lie within the area. (After 
W. H. Emmons.) 

over a large area. Wyoming is the 
leading producer at present. This 
entire region, however, is the least 
productive of the major oil regions. 

6) California region: The oil and 
gas fields of California are distrib¬ 
uted over a belt that extends from 
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Fig. 393. The principal crude-oil pipe-line systems of the United States. (Courtesy National Resources Board.) 



MINERAL FUELS, ORES, AND OTHER ECONOMIC MINERALS 455 



Fig. 394. A forest of oil derricks occupies the low arch of Signal Hill, near Long Beach, California. 
(Photograph by V . C. Finch.) 


the environs of Los Angeles north¬ 
ward toward San Francisco (Fig. 394). 
Some fields are located on the ocean 
shore; others inland, such as those 
in the vicinity of Bakersfield. This 
region ranks second to the Mid- 
Continent in production. Its oils 
mainly are heavy and of the asphaltic 
type. Large refineries are located in 
the vicinity of San Francisco and Los 
Angeles. Production of oil proceeds 
at such tremendous rate that the re¬ 
serves are being used rapidly. In this 
connection it should be remembered 
that coal reserves on the Pacific coast 
are of relatively small extent. 

Caribbean regions. Bordering the 
Caribbean Sea are two productive 
oil regions (Fig. 395). One of them, 
on the coast of Mexico, includes 
fields near Tampico and Tuxpam. 
For some years Mexico ranked sec¬ 


ond among the oil-producing coun¬ 
tries of the world. The oil, however, 
was removed at such a terrific rate, 
largely by foreign companies, that 
Mexico’s rank has dropped consid¬ 
erably. 

A second region includes several 
fields distributed along the north 
coast of South America, mainly in 
Venezuela, Colombia, and the island 
of Trinidad. The principal field is 
in the vicinity of the Gulf of Mara¬ 
caibo, Venezuela. Many wells are lo¬ 
cated in the gulf itself. At present, 
Venezuela ranks third in oil produc¬ 
tion. Much of the oil is shipped on 
tankers to refineries on the Atlantic 
coast of the United States. 

Seepage and evaporation from an 
ancient oil pool in Trinidad gave 
rise to the famous asphalt lake of 
that island. The hardened asphalt. 
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removed from the surface, is re¬ 
placed by the slow upwelling of new 
supplies from beneath. 

Europe. Some oil has been pro¬ 
duced for many years in Rumania 
and Poland. However, the oldest, 
most persistent, and most productive 
fields are in southeastern Russia near 
the Caucasus Mountains and the 
Caspian Sea (Fig. 396). Of several 
fields in this region, that near Baku 
on the Caspian Sea is most famous. 
Russia, ranking second to the United 
States in oil production, still has vast 
areas of land to be explored for pos¬ 
sible oil fields. 

Asia. The oil reserves of Saudi 
Arabia, Iran (Persia), and Iraq, to¬ 
gether called the Middle East, are 
now regarded as the greatest in the 
world. The control of these resources 
has been, in recent years, a matter of 


great concern in international poli¬ 
tics. 

Some petroleum is obtained from 
fields in Burma, but a much larger 
quantity from the East Indies, espe¬ 
cially Sumatra and Borneo. The re¬ 
serves in these islands are believed to 
be considerable. 

Oil that pumps cannot raise. Not 

all the oil in an oil pool can be ob¬ 
tained by pumping. It is estimated 
that in some cases as much as half 
the original supply clings to the rock 
particles and remains in the ground. 
Improved methods of recovery may, 
in the future, make some of that oil 
available. 

Oil shales. In the United States 
and elsewhere, large supplies of oil- 
yielding organic matter are contained 
in compact shales. Petroleum has 
been obtained from rich oil shales of 
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that kind in Scotland, and it can be 
done in other localities, However, 
the cost of production is high, be¬ 
cause the rock must first be quarried 
or mined and then treated before the 



Fig. 396. The Middle East petroleum region, 
now said to possess the greatest petroleum re¬ 
serves in the world. Bahrein Island and nearby 
shores of Saudi Arabia form one of the more 
important oil regions. From the Persian Gulf to 
the Mediterranean Sea is about 800 miles, cor¬ 
responding approximately to the distance from 
Chicago to Mobile, Alabama. Pipe lines carry 
much of the oil to seaports on the Mediter¬ 
ranean Sea. On the boundary line between 
Palestine (A) and Trans-Jordan (B) is the Dead 
Sea, more than 1200 feet below sea level. The 
Caspian Sea is about 85 feet below sea level. 

crude oil, such as now flows from 
wells, can be obtained. In the United 
States considerable supplies of oil 
shale are known to exist, especially 
in Wyoming, Colorado, and Utah 
(Fig. 397). 

Petroleum reserves. The active life 
of most oil pools is relatively short. 
Already some good fields have de¬ 
clined in production until they are 
but minor factors in the national 
output. The question of how long 
the United States can maintain its 
present enormous petroleum produc¬ 


tion of 1 y 2 billion barrels per year is 
not capable of assured answer. It is 
believed that within a score of years 
production will be reduced much 
below the levels to which Americans 
are accustomed. Deeper drilling and 
further search probably will bring to 
light new pools. However, such dis¬ 
coveries become more difficult each 
year. In August, 1946, the State De¬ 
partment estimated that by 1965 the 
United States would be importing 
one-half its oil supply, probably from 
the Iran-Arabian fields. 

Waste. In addition to a tremen¬ 
dous rate of consumption, the people 
of the United States have been guilty 
of wasting both oil and natural gas 



Fig. 397. Approximate location of some of the 
oil-shale deposits in Colorado, Utah, and Wyo¬ 
ming. Oil does not exist in a free form in the 
shale. The shale is dark gray to black in color. 

and also of wasting huge sums of 
money in drilling useless wells. 

Fires have caused enormous losses 
in both petroleum and natural gas. 
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In recent years, however, methods of 
control have been much improved. 

War and war preparations place 
an enormous drain on petroleum re¬ 
sources. Such a drain robs the people 
of a fast-disappearing fuel. People 
make good use of the automobile or 
diesel-engined ocean liner in travel¬ 
ing from place to place in a country 
or from one country to another. 
Travel is not only a pleasure. It edu¬ 
cates us and broadens our point of 
view. It helps us to understand how 
people live in other parts of the 
world. 

Such an understanding promotes 
tolerance, national harmony, and the 
increasing demand for world peace. 
But war consumes enormous quanti¬ 
ties of the very resource that has 
vastly increased the amount of trav¬ 
eling that people do. The nations of 
the world are guilty of using a pre¬ 
cious fuel for human slaughter, a 
fuel that ought to be used for human 
pleasure and education. 

ORES AND OTHER ECONOMIC 
MINERALS 

In addition to water and the min¬ 
eral fuels, the earth provides many 
inorganic substances for human use. 
In the list are the raw materials of a 
wide array of industries. The sub¬ 
stances are of great diversity. Think 
for a moment of the vast difference 
between ordinary sand and the fine 
metals and jewels in an expensive 
watch. The mineral resources drawn 
upon to supply these needs may be 
grouped as follows: 


1) The ores of the metallic min¬ 
erals are treated in one or more ways 
in order to separate and concentrate 
the metals in them. The more im¬ 
portant metals include iron, copper, 
lead, zinc, aluminum, gold, silver, 
tin, nickel, platinum, and tungsten. 

2) The solid, nonmetal lie, non- 
fuel minerals include building stone, 
sand and gravel, clays, lime, salt, fer¬ 
tilizers, abrasives, and gems. 

THE METALLIC MINERALS 

Before the beginning of written 
history men knew the value of cer¬ 
tain metals, and they sought the ma¬ 
terials from which they might be 
obtained. Man’s intelligent use of 
the metals is largely responsible for 
the material progress enjoyed by 
civilization today. It is convenient 
to think of two general groups of 
metals: 

1) Precious or semiprecious met¬ 
als occur in relatively small amounts. 
Examples are gold, silver, platinum, 
chromium, tungsten, and nickel. 
Some of these metals are very costly. 
Gold, for instance, is worth $35 an 
ounce at the present time. 

2) Nonprecious metals occur in 
relatively large amounts. Examples 
are iron, copper, lead, zinc, and alu¬ 
minum. These metals are called non¬ 
precious, yet as a group they are 
more useful to man than are the 
precious metals. 

In the various phases of modern 
industry, metals are used in different 
ways. In some cases, a single metal 
may be suitable for a specific use. In 
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others, it is found that a combina¬ 
tion of several metals, called an alloy , 
is more desirable. For example, brass 
is a combination of copper and zinc:; 
bronze, of copper and tin; stainless 
steel, of nickel, chromium, and steel; 
copper coin, of copper and nickel. 
Very hard steel is made by adding 
tungsten; flexible steel, by adding 
vanadium. Pure aluminum and al¬ 
loys of aluminum are of tremendous 
value in the automobile and airplane 
industries. 

A few metals that are used in large 
quantities, such as iron, may be 
thought of as fundamental resources. 
This is particularly true if they occur 
near supplies of fuel needed to smelt 
them. Iron is called the most useful 
of all metals. Possession of a domestic 
supply of iron ore is always consid¬ 
ered by the great nations, next to a 
supply of coal or petroleum, a matter 
of ma jor economic importance. 

Ore deposits. An ore deposit is a 
concentration of a metallic mineral, 
or one of its chemical compounds, 
sufficiently rich in metal to make 
mining profitable. Some metals, for 
example gold and copper, are found 
locally in the metallic, or “native,” 
state. More commonly the metallic 
elements occur in chemical combina¬ 
tion with other elements in the form 
of such compounds as sulfides, sul¬ 
fates, oxides, and carbonates. The 
process of separating the metal from 
the other substances in the ore is 
called smelting. 

The formation of ore deposits of 
profitable quality is believed to have 


been brought about in several dif¬ 
ferent ways: 

1) By underground water: Tiny 
amounts of metallic compounds, scat¬ 
tered through rocks, were taken up 
by circulating water and deposited 
at some other place in a concentrated 
form. This deposition could take 
place in a rock crevice, in which case 
a vein of ore was formed. Hot under¬ 
ground water, resulting from contact 
with hot igneous rocks, was more 
effective in the work of solution and 
deposition than was cold water. 

2) By cooling of liquid rock: 
When hot igneous rock cooled, it 
was possible for metallic compounds 
to come together and to be discov¬ 
ered later as separate masses within 
the parent rock. 

3) By contact metamorphism: 
When hot igneous rock was intruded 
into other rocks, the plane of con¬ 
tact between hot and cold rock was 
likely to be one of mineralization. 
This was due not only to the effect 
of heat itself but also to the chemical 
work of associated hot water and 
gases. 

Ore deposits are discovered more 
often in mountains than in plains 
because conditions in mountains usu¬ 
ally are more favorable to the forma¬ 
tion of ores and because vigorous 
erosion, characteristic of mountains, 
exposes the rock formation that may 
enable the prospector to locate the 
ore body. 

Nature of iron ores. With the ex¬ 
ception of aluminum, iron is the 
most abundant of the metallic min¬ 
erals in the rocks of the earth. Be- 
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cause it is so easily oxidized or rusted, 
it is found usually in chemical com¬ 
bination, seldom in metallic form. 

The most important of these com¬ 
binations are hematite, an oxide, 
mainly dark red in color; limonite, 
the yellow-brown oxide; and mag¬ 
netite, which is black, magnetic iron 
oxide. The red and brown oxides are 
particularly abundant. They often 
give red, yellow, or brown color to 
soils. Pure hematite and magnetite 
contain as much as 70 percent of 
metallic iron, but most of the ore 
mined runs much less than this 
amount. 

The distribution and quality of 
iron ore are matters of national con¬ 
cern. The deposits of largest present 
value are (1) high in metallic iron, 
(2) low in objectionable impurities, 
(8) capable of being inexpensively 
mined, and (4) situated so that they 
may be transported cheaply to re¬ 
gions where the other necessary in¬ 
gredients of iron manufacture are 


easily assembled. In addition, the 
manufacturing centers should be 
near a large market for iron and 
steel. Few iron-ore deposits meet all 
those qualifications. A few, which 
meet enough of them, have attained 
international importance. 

Iron ores of the United States. In the 
United States, much more iron ore is 
mined and used than in any other 
country of the world. This is in part 
made possible by the high quality, 
ease of mining, and convenient loca¬ 
tion of the ores of the Lake Superior 
region. Several bodies of ore are lo¬ 
cated in this region, which includes 
parts of northern Minnesota, Wis¬ 
consin, and Michigan (Fig. 398). The 
ores mainly are hematite of a desir¬ 
able grade. They have been concen¬ 
trated in the ancient crystalline rocks 
of the region by the work of ground 
water. They lie in pockets that, in 
general, are near the surface. 

In the Mesabi Range north of Du¬ 
luth, Minnesota, the ores are over- 
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Fig. 399. Mining iron ore from an open-pit mine. This is a portion of the Hull-Rust mine at Hib- 
bing, Minnesota. (Courtesy U. S. Steel Corp. and Oliver Iron Mining Co.) 


lain by a relatively thin covering of 
glacial drift. When this surface cov¬ 
ering is stripped away, the ore may 
be removed by steam shovels in open 
pits (Fig. 399). It is the most pro¬ 
ductive body of iron ore in the 
world. 

The relation of the Lake Superior 
ores to regions of manufacture and 
market is fortunate also. The con¬ 
struction of a ship canal through the 
rapids of Saint Marys River, connect¬ 
ing Lakes Superior and Huron, pro¬ 
vides a deep waterway for the trans¬ 
portation of ore. Water routes lead 
almost from the mine to the very 
margin of the Appalachian coal field 
and the heart of the American indus¬ 
trial region (Fig. 400). 


The cost of transportation has 
been reduced to a very low figure. 
Huge ore docks are located at Du¬ 
luth, Superior, Ashland, Marquette, 
and Escanaba. A boat can be loaded 
in a very few hours. The boats move 
south and east to Chicago, Gary, De¬ 
troit, Toledo, Cleveland, and Buffalo 
and even reach Lake Ontario via the 
Welland Canal. Thousands of tons 
of ore are unloaded at ports located 
on the south shore of Lake Erie. 
From these ports the ore moves by 
train to the greatest iron- and steel¬ 
manufacturing region in the United 
States, located in western Pennsyl¬ 
vania and eastern Ohio. The ore 
boats on the return trip to the West 
carry huge quantities of coal. 
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Among the sedimentary rocks of 
the folded Appalachians are beds of 
hematite which are found in locali¬ 
ties from New York to central Ala¬ 
bama. These ores are most used in 



Fig. 400. The paths of iron-ore and wheat 
boats from western to eastern lake ports. How 
many of the large cities (shown by dots) on this 
map can you name? 

Alabama, where, in the vicinity of 
Birmingham, they are mined along 
with the necessary coal and lime¬ 
stone needed in smelting. 

South of the United States. Iron ore 
is mined and exported from Cuba 
and Chile. Some of it reaches sea¬ 
ports on the Atlantic coast of the 
United States, which again empha¬ 
sizes the low cost of water transpor¬ 
tation. One of the largest iron-ore 
reserves in the world is located in 
Brazil, about 200 miles north of Rio 
de Janeiro, but it is difficult to reach 
and is not used now. 

European iron-ore deposits. The 
iron industries of Europe depend 
mainly upon European sources of 
ore. Like those of North America, 
the greatest centers of iron manufac¬ 
ture are located in, or close to, the 
principal coal fields. In Europe, how¬ 


ever, much ore must cross interna¬ 
tional boundary lines. 

The iron ores of France include 
the largest single iron reserve in Eu¬ 
rope and one of the largest in the 
world. They are found in the north¬ 
eastern part of the country in the 
province of Lorraine and extend 
across the boundary into Luxem¬ 
bourg and slightly into Belgium (Fig. 
401). 

Scattered deposits of low-grade 
iron ore are found in the British 
Isles. It has long been the practice 
of British smelters to import other 
ores, especially from Sweden, Spain, 
and Newfoundland. However, Brit¬ 
ain has a supply of low-grade ores 
sufficient to last for many years. 



Fig. 401. Location of the great iron-ore field of 
France. 


In the extreme northern part of 
Sweden are moderately abundant 
supplies of iron ores, noted for their 
high quality. They are mainly mag- 
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Fig. 402. Great sheets of aluminum rolling along in one of the plants in the TVA region where 
abundant electricity is available. Within the same region is the enormous atomic-energy plant at 
Oak Ridge, Tennessee. (Courtesy Tennessee Valley Authority.) 


netite, average 55 to 65 percent iron, 
and are exported especially to Ger¬ 
many and Great Britain. 

Facts about the iron resource. The 
world regions in which abundant de¬ 
posits of iron ore and of coking coal 
are closely associated lie on the bor¬ 
ders of the North Atlantic basin. 
These include eastern United States 
and the countries of northwestern 
Europe. In them are the present 
world centers of heavy iron and steel 
manufacture and of many other in¬ 
dustries that depend on cheap iron 
and steel. There seems good geo¬ 
graphic basis for believing that those 
centers will long continue, because 
no others appear to have better nat¬ 
ural endowment or more advanta¬ 
geous location. 

Perhaps the world’s greatest re¬ 


serves of ore are in Brazil and India. 
However, Brazil has not any, and 
India only a limited supply of, cok¬ 
ing coal. China has large reserves of 
excellent coal but no known supply 
of ore of comparable importance. 
Also, it may be noted, Japan has but 
limited domestic supplies of coal and 
even less iron of usable grade. 

The United States is fortunate in 
having abundant supplies of good 
ore and coking coal so situated that 
they are practically connected by a 
deep waterway which provides cheap 
transportation. However, it is be¬ 
lieved that the Lake Superior iron 
region has reached its peak in pro¬ 
duction and will show a steady de¬ 
cline in future years. Then other and 
more expensive sources of ore must 
be sought. Here, again, conservation 
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Fig. 403. (1) Nickel-producing region of Ontario; (2) iron- and steel-manufacturing district of 
Pennsylvania and Ohio; (3) Birmingham iron and steel district; (4) sulfur-producing region; (5) 
Tri-State lead and zinc region; (6) Arizona copper region; (7) Utah copper region; (8) Anaconda* 
Butte copper region; (9) Mesabi iron-ore region. 


demands that corporations and in¬ 
dividuals cooperate to avoid waste. 
The United States formerly ex¬ 
ported great quantities of scrap iron. 
Whether this was a wise policy or 
not is a debatable question. 

Aluminum. Aluminum is more ex¬ 
pensive per pound than iron largely 
because rich aluminum ores are 
scarce and the process of obtaining 
the metal from its ores is a very costly 
one. Aluminum plants in the United 
States are located near large hy¬ 
droelectric developments because of 
large amounts of electric current 
needed (Fig. 402). 

In combination with oxygen, alu¬ 
minum is widely distributed through¬ 


out the earth’s crust. It is an im¬ 
portant constituent of clay. The 
most important mineral is bauxite 
(boks'It), a name derived from Baux, 
France, where it occurs. In the 
United States, deposits of bauxite are 
found in Arkansas, Georgia, Ala¬ 
bama, and Tennessee. Aluminum 
has several valuable properties. It is 
strong, light in weight, does not cor¬ 
rode or rust easily, and is a good con¬ 
ductor of electricity. It forms valu¬ 
able alloys with other metals. In a 
powdered form it is used to make a 
metallic paint. 

Lead and zinc. Deposits of the me¬ 
tallic minerals are characteristic of 
mountainous regions, yet there are 
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Fig. 404. Looking down upon Bingham, Utah, and Bingham Canyon, where large quantities of 
low-grade copper ore are mined on the open mountain side. (Photograph by Captain A. W. 
Stevens, courtesy U. S. Army Air Force,) 


notable exceptions. One such excep¬ 
tion is found in the deposits of lead 
and zinc ores associated with sedi¬ 
mentary rocks. Examples of these are 
found in southwestern Wisconsin 
and adjacent Illinois, the famous 
Joplin district in southwestern Mis¬ 
souri, northeastern Oklahoma, and 
southeastern Kansas (Fig. 403). The 
Joplin area, in addition to its output 
of lead, has long been the leading 
producer of zinc. Large deposits of 
galena in southeastern Missouri place 
that state first in lead production. 

Other regions of note are the zinc 
deposits of New Jersey and the lead 
deposits of Utah and Idaho. Among 
the nations of the world the United 
States ranks first in the production 


of both lead and zinc. These metals 
are useful in many ways. Lead is val¬ 
uable especially in making hollow 
pipe, which is easily bent and very 
durable, and in the manufacture of 
batteries. Zinc is used in making 
brass and as a thin coating on sheets 
of steel forms the familiar galvanized 
iron. Both metals are used in the 
manufacture of paint and munitions. 

Copper, nickel, and tin. As in the 
case of lead and zinc, the United 
States ranks first in the production 
of copper. The mines in the high 
Andes Mountains of Chile, largely 
owned and operated by Americans, 
put that country in second place. 

Three important copper-produc¬ 
ing districts in the United States are 




466 


THE EARTH AND ITS RESOURCES 



Fig. 405. 


southern Arizona, northern Utah, 
and western Montana. The Utah 
mines produce relatively low-grade 
ore, yet the yearly output is tremen¬ 
dous (Fig. 404). The Anaconda-Butte 
district in western Montana has pro¬ 
duced copper, gold, and silver worth 
many millions of dollars. Since cop¬ 
per is an excellent conductor of elec¬ 
tricity, huge quantities of it are used 
in the making of wire and electric 
apparatus. 

The principal known world re¬ 
sources of nickel and tin are outside 
the United States. Ninety percent 
of the world’s supply of nickel is pro¬ 
duced in Ontario, north of Lake 
Huron. This area produces consid¬ 
erable quantities of other metals, in¬ 
cluding gold, silver, and copper (Fig. 
405). Nickel is one of the most valu¬ 
able metals in the making of alloys. 
Tin is produced mainly in the Malay 
Peninsula and nearby islands and in 
the high mountains of Bolivia. An 
important use of it is in the making 
of tin cans which consist of a thin 


sheet of steel coated with tin. The 
metal has many other uses. 

Gold and silver. At the present 
time the greatest gold- and diamond- 
producing region in the world is in 
the vicinity of Johannesburg and 
Kimberley, located in South Africa. 
About one-half the world’s output of 
gold is produced in this district. 
Production of gold has recently been 
stimulated in Canada by new discov¬ 
eries and in the United States by the 
increase in price from $20 to $35 an 
ounce. South Dakota, California, and 
Colorado are leading United States 
producers. In the production of sil¬ 
ver, Mexico is far in the lead, with 
the United States and Canada next 
in rank. Utah, Idaho, and Montana 
are leading producers of the silver 
ores.- 

THE NONMETALUC MINERALS 

Quartz, lime, clay, and gypsum. 

Quartz sand is used in large quanti¬ 
ties and in many ways. It is an in- 
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gradient of concrete, mortar, and 
plaster. In the manufacture of glass, 
sand is the chief raw material used. 
Good grades of glass sand, free from 
iron or clay, may be sought hundreds 
of miles from the centers of glass 
manufacture. 

Since quartz is harder than most 
steel, it is used effectively as an ab¬ 
rasive. The sandblast is employed to 
clean stone and metal surfaces. Dif¬ 
ferent sizes of sand particles are used 
in making the various grades of sand¬ 
paper. Nature cements the sand par¬ 
ticles together to form sandstone, 
which in turn may be metamor¬ 
phosed into quartzite. In certain re¬ 
gions sandstone and quartzite consti¬ 
tute valuable resources because of 
their use as building and industrial 
stones. 

Lime, a combination of calcium 
and oxygen, is ordinarily pure white 
in color. Much of it is made by heat¬ 
ing suitable grades of limestone. 
Lime is a most important building 
material. Mortar, used in laying 
brick and stone, is made of a mixture 
of lime, sand, and water. One of the 
most valuable of all building mate¬ 
rials, cement, is manufactured by 
using a mixture of limestone and 
shale. The mineral calcite is the 
principal ingredient of limestone, 
which in some localities is a valu¬ 
able building stone; for example, 
the famous Bedford limestone, quar¬ 
ried in southern Indiana. Under the 
processes of metamorphism, lime¬ 
stone changes to marble, excellent 
grades of which are quarried in Ver¬ 
mont, Georgia, and Tennessee. 


Clay and mud form shale, which 
may in time be changed to slate. 
Slate is valuable because it is ex¬ 
tremely fine grained, splits into thin 
layers, and is hard and impervious. 
Deposits of pure clay vary consider¬ 
ably in their qualities. Some are ex¬ 
tremely valuable in the making of 
brick, tile, pottery, and fine china- 
ware. 

Gypsum is a relatively abundant 
mineral, often found in thick beds 
of sedimentary rocks. It is mainly 
white to gray in color. Deposits of 
commercial value are mined in a 
number of localities in the United 
States. The mineral has many uses. 
It is employed in making plaster 
used to finish the interior walls of 
buildings. It forms plaster of paris, 
a powder that when moistened can 
be molded; exposure to the air causes 
the molded material to harden. 

Gypsum building-block and roof¬ 
ing materials are used extensively. A 
variety of gypsum, called alabaster , 
can be carved or shaped into beauti¬ 
ful designs. A good grade of alabas¬ 
ter is mined not far from Fort Col¬ 
lins, Colorado. 

Salt. Salt is one of the common 
rock minerals of the earth. Because 
of its solubility in water, it is not 
abundant in the zone of free ground- 
water circulation. Inexhaustible sup¬ 
plies are available for human use, 
however, from the following sources: 
(1) the sea, which contains 2% 
pounds of salt for every 100 pounds 
of water; (2) salt lakes, such as the 
Dead Sea in Palestine and Great Salt 
Lake in Utah; (8) natural brines, 
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which are the waters of ancient seas large reserves are found in the buried 
trapped in sediments, deep under- “salt domes” of the Louisiana-Texas 
ground and cut off from ground- Gulf coast. 

water circulation; (1) deposits of Sulfur. Sulfur has many uses in 
rock salt, which probably were modern industry, especially in the 
formed by the evaporation of salt form of sulfuric acid, and various 
water in the arms of ancient seas uses in connection with the manu- 
or in former arid interior drainage facture of steel, oil, rubber, and ex¬ 
basins. plosives, and in other chemical in- 

Sal t is used not only as a food and dustries. It has long been obtained 
a preservative of food but also in from deposits associated with recent 
large quantities in chemical indus- volcanic activity. Some still is mined 
tries. It is the basic raw material from these sources in Italy, Spain, 
from which a number of the com- Japan, and Chile. In the United 
pounds of sodium are made. Thick States, which now produces more 
beds of rock salt underlie large areas than four-fifths of the world’s sup- 
in New York, Michigan, Ohio, Kan- ply, the deposits have no immediate 
sas, and Ontario (Fig. 406). Other volcanic connection. Instead, they 





Pig. 406. Inside a salt mine near Hutchinson, Kansas. Cars are loaded with rock salt. Some rock 
salt is transparent, resembling glass. (Courtesy Carey Salt Co.) 
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Fig. 407. Part of a million tons of sulfur in storage, near Matagorda, Texas. (Photograph by V. C. 
Finch.) 


arc found in association with petro¬ 
leum and the rock-salt deposits of 
the Louisiana-Texas coast. There the 
sulfur is recovered by means of wells 
through which superheated water is 
pumped underground to the sulfur 
beds and molten sulfur is returned 
to the surface (Fig. 407). 

Mineral fertilizers. Four critical ele¬ 
ments of soil fertility were men¬ 
tioned in Chapter 17 as subject to 
depletion by crop production and 
the leaching action of ground water. 
These are calcium, potash, phospho¬ 
rus, and nitrogen. For each of these 
there are known* sources of mineral 
supply that are drawn upon in the 
manufacture of commercial fertiliz¬ 
ers. Some sulfur also is employed for 
this purpose. Soil lime, in the form 
of calcium carbonate, is readily avail¬ 
able in the local limestones of many 


regions. The location of supplies is 
not a matter of national concern. 
The other three are much less abun¬ 
dant, and notable deposits of them 
are items of earth resource of great 
importance. 

Nitrogen is the most abundant ele¬ 
ment in the air, and methods are 
now in use for transforming it into 
nitrogenous compounds by means of 
electric energy. Until recently, how¬ 
ever, the principal world supply was 
from mineral sources. Most impor¬ 
tant of these were the surface depos¬ 
its of the desert of Atacama, in north¬ 
ern Chile (Fig. 408). There we find 
the accumulations of ages of seepage 
and surface evaporation. The valu¬ 
able nitrate of soda is intermingled 
with sand, common salt, and other 
substances from which it is separated 
by a simple manufacturing process. 
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So much in world demand was this 
mineral that, for many years, taxa¬ 
tion upon its export was the princi¬ 
pal financial resource of the Chilean 
government, and the business of its 



soda deposits in the desert of northern Chile. 
(After Tower, from "Mineral Deposits of South 
America/' by Miller and Singewald, McGrow-' 
Hill Book Co.) 

extraction and shipment supported a 
considerable population in the midst 
of a desert and in several seaports. 

Potash forms a part of many plant 
tissues and is obtained in small quan¬ 
tities from the ashes of wood, sea¬ 
weed, and other substances. The 
principal commercial sources are 
complex minerals containing potash 


which are found in beds like rock 
salt, with which they are associated 
in some places. The largest known 
deposits are located in western Eu¬ 
rope, mainly in Germany and Al¬ 
sace, where the greater part of the 
world’s present supply is obtained 
from mines 1000 feet or more be¬ 
neath the surface. A reserve of potash 
is located in a region that lies a few 
miles east of Carlsbad, New Mexico. 

Phosphorus is present in certain 
rock minerals and from them is sup¬ 
plied to the soil. It is also an impor¬ 
tant constituent of the grains and 
other plant materials, but it is stored 
mainly in animal substances, espe¬ 
cially in bones, animal manures, and 
fish. From these sources some is re¬ 
turned to the land as fertilizer. The 
principal mineral sources of phos¬ 
phorus occur in the form of calcium 
phosphate, a rock. Valuable beds of 
phosphate rock usually occur as local 
pockets in limestone strata and are 
known to exist in several parts of the 
world. The United States is supplied 
largely from beds in western Florida, 
central Tennessee, Idaho, and Mon¬ 
tana (Fig. 409). 

SUMMARY 

Coal beds represent long periods 
of accumulation during which the 
remains of plant life were preserved 
from the ordinary processes of com¬ 
plete decay. The various types of coal 
are peat, lignite, bituminous, semi¬ 
anthracite, and anthracite. In North 
America the principal coal fields are 
(1) the Appalachian, (2) that which 
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Fig. 409. Mining phosphatic limestone for its phosphorus content, in central western Florida. 
(Photograph by V. C. Finch.) 


extends from Illinois and Iowa south 
into Texas, and (3) the widely scat¬ 
tered beds of the Rocky Mountain 
region. Asia is believed to rank sec¬ 
ond to North America in coal re¬ 
serves. 

Petroleum, natural gas, and as¬ 
phalt are related earth resources, 
probably of organic origin. At the 
present time the United States is by 
far the principal producer of petro¬ 
leum. Other producing areas are 
found in Russia, Venezuela, Ru¬ 
mania, the Middle East, the East 
Indies, and Mexico. The petroleum 
resources of the world are being con¬ 
sumed at an enormous rate. 

The metallic ores are especially 
valuable to industrial nations. Of 
these ores, iron ore probably is of 


greatest importance. The United 
States mines and uses more iron ore 
than any other country in the world. 
The leading producing states are 
Minnesota, Michigan, and Alabama. 

Deposits of bauxite, the principal 
ore of aluminum, are found in Ar¬ 
kansas, Georgia, Alabama, and Ten¬ 
nessee. The famous Tri-State re¬ 
gion (Missouri, Kansas, Oklahoma) 
around Joplin, in southwestern Mis¬ 
souri, is noted for its production of 
lead and zinc ores. 

Among the important nonmetallic 
minerals of great value to man are 
lime, gypsum, clay, sand, salt, and 
sulfur. In the manufacture of min¬ 
eral fertilizers, lime, potash, phos¬ 
phorus, and nitrogen are of major 
importance. 
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QUESTIONS 

1. List three important sources of power. 

2. From what material is coal derived? 

3. Why is the horizontal position of many c oal beds an advantage in the 
proc esses of mining? 

4. Mention one method used by geologists in estimating coal reserves. 

5. Name and describe the principal varieties of coal. 

6. What is meant by the accessibility of coal deposits? 

7. Why do folding and faulting often increase the difficulties of mining? 

8. Locate the principal anthracite region of the United States. Why is 
anthracite an expensive fuel? 

9. Locate the Appalachian bituminous region. What is coking coal? Why 
is it valuable? 

10. Mention several reasons for Pittsburgh’s importance as an iron and 
steel center. 

11. Account for the fact that Birmingham is noted for its iron and steel 
manufactures. 

12. Locate coal fields in the United States other than the Appalachian 
field. 

13. Make a statement concerning the Coal resources of South America. 

14. What is the probable rank of the continents with regard to coal re¬ 
serves? 

15. Locate the more important coal fields of Europe. 

16. What country is thought to rank second to the United States in coal 
reserves? Where are these reserves located? 

17. Mention several measures that apply to coal conservation. 

18. With which class of rocks are petroleum deposits associated? Why? 

19. Diagram and explain how an oil pool may be trapped in an anticline. 

20. For what qualities is the petroleum of the Appalachian field noted? 

21. Locate the eastern interior and Mid-Continent oil fields. 

22. What proportion of the entire petroleum output of the United States 
is produced in the Mid-Continent field? 

23. Look up the present annual production cf leading oil-producing states. 

24. Locate the Gulf coast oil region. 

25. Mention several ways in which oil and gasoline are transported. 

26. Where are the principal California oil fields and refineries located? 

27. Locate the two principal oil fields south of the United States. 

28. Why is a high percentage of oil exported from the Maracaibo region? 

29. Locate the island of Trinidad. For what resource is it noted? 

30. Name the three leading countries in rank in oil production. 
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31. Where is the most productive oil field of Europe? 

32. Locate the oil reserves of Asia. 

33. Where are deposits of oil shale located in the United States? Why is 
oil shale thought to he a costly source of petroleum? 

34. Mention two or three ways in which we might conserve the oil supply. 

35. What are the two principal classes of metals? Give examples of each. 

36. What is an alloy? Give three examples. 

37. Why is a supply of iron ore considered by the great nations a matter 
of major economic importance? 

38. Define ore deposits; smelting. 

39. Explain three ways in which ore deposits may he formed. 

40. Why are ore deposits discovered more often in mountains than in 
plains? 

41. Name three iron ores. Which two are most abundant? 

42. What are the qualifications of a good iron-ore deposit? 

43. Why are ores of the Mesabi Range easily mined? 

44. Name the principal lake ports noted for the export of iron ore. The 
ore boats unload at most of the larger cities of the lower Great Lakes. Name 
10 such cities. 

45. Locate the greatest iron- and si eel-manufacturing region in the United 
States. 

46. Mention several reasons why the Great Lakes region is one of tre¬ 
mendous industrial development. 

47. Locate the iron reserves of Europe. 

48. What are handicaps of iron and steel manufacturing in Brazil? in 
India? in Japan? in China? 

49. Why is aluminum a relatively expensive metal? 

50. Name the principal ore of aluminum. Where is it found in the United 
States? What are several valuable properties of aluminum? 

51. Locate the Joplin Tri-State mining region. What are some uses of 
lead? of zinc? 

52. Locate the four principal copper-producing regions of the United 
States. 

53. Where are the principal regions now producing nickel and tin? gold 
and silver? 

54. Mention several uses of quartz sand. What is an abrasive? 

55. What basic materials are used in making cement? 

56. The mineral calcite (CaCO a ) is the most important ingredient of what 
two important building stones? 

57. What are several uses of clay? of slate? of gypsum? For what is alabaster 
used? 
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58. Mention four sources of salt. Where are notable beds of rock salt found 
in the United States? 

59. How is sulfur mined in the Louisiana-Texas coast region? What pro¬ 
portion of the world’s sulfur supply is produced in the United States? What 
are some uses of sulfur? 

60. Name the four principal chemical elements required in the manufac¬ 
ture of commercial fertilizers. 

61. What are two sources of nitrogen? Where is the Atacama Desert? 
What is its importance? 

62. Locate the principal regions now producing mineral potash and phos¬ 
phorus. 

SUGGESTED ACTIVITIES 

1. By referring to a map of the world, review the location of places men¬ 
tioned in this chapter. 

2. Secure samples of different kinds of coal. 

3. Seek the cooperation of local oil companies or distributors in the prep¬ 
aration of a display of petroleum products. 

4. Make a list of building stones and metals used in the construction of 
your school building. Make note of the specific use or uses of each one. 

5. Secure samples of as many metals as possible. 

6. If possible, purchase from the Superintendent of Documents, Govern¬ 
ment Printing Office, Washington, I). C., two large wall maps of the United 
States showing (1) the coal fields and (2) the petroleum fields and pipe lines. 

7. Find out if there is a state planning board in your state. If so, write 
for publications dealing with natural resources of the state and for informa¬ 
tion concerning any steps being taken toward conservation of resources. 

8. Secure specimens of the minerals, both metallic and nonmetallic, men¬ 
tioned in this chapter. You will probably be interested in learning to iden¬ 
tify these materials. 

9. Perhaps you can obtain motion pictures or slides that will show 
(1) iron-ore production and shipping on the Great Lakes and (2) iron and 
steel manufacturing. 

10. Find out all you can about the uses of gypsum. If possible, plan an 
exhibit of gypsum products. 

11. If it is possible, make field trips to local quarries, mines, or industrial 
establishments that might in any way be related to the subject matter of 
this chapter. 

12. Plot curves to show production of coal, iron ore, and petroleum for 
the past 20 years in the United States. 

13. On a large wall outline map of the world, use various colors to show 
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the location of regions noted for the production of resources mentioned in 
this chapter. 

Note: Other activities may be found in the laboratory manual. 

TOPICS FOR CLASS REPORTS 


1. The Uses of Coal 

2. The Anthracite Region of Northeastern Pennsylvania 

3. The Mid-Continent Oil Field of the United States 

4. The Asphalt Lake of Trinidad 

5. The Copper-Producing Area of Bingham, Utah 

6. The Lake Superior Iron Region 

7. The Iron- and Steel-Manufacturing Region of Pennsylvania and Ohio 

8. Aluminum Resources and Industry of the United States 

9. Coal Mining in West Virginia 

10. The Anaconda-Butte Mining Region of Montana 

REFERENCES 

Branson, E. B., and Tarr, W. A. Introduction to Geology (2d ed.). McGraw- 
Hill Book Co., New York, 1941. 

Emmons, W. H. Geology of Petroleum. McGraw-Hill Book Co., New York, 
1931. 

Leith, C. K. World Minerals and World Politics. McGraw-Hill Book Co., 
New York, 1931. 

Lovering, T. S. Minerals in World Affairs. Prentice-Hall, New York, 1943. 
Minerals Yearbook. U. S. Bureau of Mines, Washington (published annually). 
Renner, G. T. Conservation of Natural Resources. John Wiley & Sons, New 
York, 1942. 

Ries, H. Economic Geology (7th ed.). John Wiley & Sons, New York, 1937. 



chapter i9. Major Regions and Resources 
of the United States 


The United States may be thought 
of as a huge, outdoor laboratory 
where variations in climate, land- 
forms, natural resources, and land 
utilization can be observed and stud¬ 
ied. If we make an automobile trip 
from Chicago to San Francisco via 
Denver, we first travel for several 
hundred miles through a region of 
rich farming country. From central 
Nebraska or Kansas to the Rocky 
Mountains we see the vast, rolling, 
semiarid steppe lands of the Great 
Plains. 

Immediately west of Denver, we 
climb the Rockies, crossing the con¬ 
tinental divide at an elevation of 
about 11,000 feet above sea level. 
Then on to Utah, where a low divide 
provides an easy crossing of the Wa¬ 
satch Mountains, from which we de¬ 
scend into Salt Lake City. Our route 
now leads us across the vast, arid 
Great Basin to the Sierra Nevada, 
the Great California Valley, and 
finally through the Coast Ranges to 
San Francisco. 

This trip leads us across several re¬ 
gions. Each has certain physical char¬ 
acteristics and possibilities for hu¬ 


man use that set it apart from the 
others. This chapter consists mainly 
of descriptions of these major regions 
of the United States (Fig. 410). The 
descriptions deal principally with 
landforms but include, as well, brief 
mention of climatic conditions, re¬ 
sources, and human activities. For 
convenience, the regions will be dis¬ 
cussed in order, beginning with the 
Pacific coast area, then advancing 
eastward to the mountain and pla¬ 
teau provinces, the Middle West, the 
South, and the East. 

As we study these major regions, 
we should observe their relation to 
the principal agricultural regions of 
the United States (Fig. 411). 

THE PACIFIC COAST 

A physical map of the United 
States immediately shows that the 
Pacific coast states are very moun¬ 
tainous. The mountains trend in a 
north-south direction. They are ar¬ 
ranged roughly in the shape of a 
letter H. The Coast Ranges form the 
left, or west, upright line; the Sierra 
Nevada-Cascades, the right, or east. 
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line; and the Klamath Mountains in 
southern Oregon, the crossbar. North 
of the crossbar is the lowland occu¬ 
pied in part by Puget Sound, and to 
the south lies the Sacramento-San 
Joaquin Valley of California (Fig. 
412). 

Since the Coast Ranges border the 
ocean shore, the Pacific coast, unlike 
the Atlantic, has practically no coastal 
plain. Furthermore, the Pacific is a 
fairly regular coast, whereas the At¬ 
lantic, throughout much of its length, 
is irregular. This means, of course, 
that there are fewer natural harbors 
on the Pacific than on the Atlantic. 
The climate of the Pacific coast is 
marine, being much influenced by 
westerly winds from the ocean. 
Roughly, north of San Francisco, 
marine west-coast climate prevails; 
to the south the Mediterranean type 
is characteristic. 

Coast Ranges. The Coast Ranges 
border the Pacific coast from Wash¬ 
ington to and including the pen¬ 
insula of Lower California. These 
mountains *are not high, yet they 
have sufficient elevation to influence 
rainfall, especially in California. In 
the main they consist of folded and 
faulted sedimentary rocks, and in 
many places they rise abruptly from 
the ocean. 

One of the important breaks that 
occurs in the Coast Ranges is San 
Francisco Bay (Fig. 413), on which 
are located the three important cities 
San Francisco, Oakland, and Berke¬ 
ley. Another break is the estuary of 
the lower Columbia River. At con¬ 
siderable expense, this waterway has 


been made wide and deep enough 
to accommodate ocean liners which 
move upstream to Portland, an im¬ 
portant seaport. Farther north, the 
Straits of Juan de Fuca provide a 
passageway from the ocean to Puget 
Sound, on which are located Seattle 
and Tacoma. 

Since the Coast Ranges lie almost 
at right angles to the westerly winds, 
they receive abundant rain on their 
western slopes, north of San Fran¬ 
cisco, but the eastern slopes are rela¬ 
tively dry. The heaviest annual rain¬ 
fall in the United States, over 150 
inches, has been recorded in the 
Olympic Mountains, located west of 
Puget Sound in Washington. 

The abundant moisture, aided by 
the moderating effect of winds from 
the ocean, has produced one of the 
finest forests in the world. North of 
San Francisco are the great redwood 
forests, and farther north, in Oregon 
and Washington, are considerable 
stands of the magnificent Douglas 
fir. Lumbering, therefore, is an im¬ 
portant industry in the Pacific North¬ 
west. South of San Francisco the 
trees give way to chaparral (Fig. 414), 
a vegetation cover characteristic of 
certain areas having the subhumid 
Mediterranean type of climate (see 
Chapter 16). 

Among the Coast Ranges are many 
valleys filled with rich alluvial soil, 
much of which in California is in the 
form of alluvial fans. These areas are 
irrigated in many places and are 
highly productive. The Santa Clara 
Valley near San Francisco is noted 
for the production of prunes; the 
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Fig. 411. Agricultural regions of the United States. (Courtesy U. S. Department of Agriculture.) 
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Fig. 412. Index map of the Sierra Nevada and adjacent sections. (Drawn by Guy-Harold Smith. 
From "Physiography of Western United States," by N. M. Fenneman, McGraw-Hill Book Co.) 
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Fig. 413. The Golden Gate Bridge, built at a cost of $35 million, joins metropolitan San Francisco 
and north bay counties. Its two main cable towers are 746 feet tall and 4200 feet apart, making 
the structure the tallest and longest single-span suspension bridge in the world. (Courtesy Redwood 
Empire Assn.) 



Fig. 414. Many hills of the Coast Ranges in southern California are covered with chaparral. The 
transition between chaparral and timber may be seen in this picture. (Courtesy U, 5. Forest Serv¬ 
ice.) 
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Rogue River Valley in southwestern 
Oregon, for pears. Irrigated valleys 
in southern California have made 
that region famous for citrus-fruit 
production. Thousands of cars of 
oranges and lemons are shipped each 
year to central and eastern states. 
Fresh and dried fruits are exported 
from San Francisco and Los Angeles. 

Hollywood, a suburb of Los An¬ 
geles, is the motion-picture center of 
the world. The industry owes its de¬ 
velopment in part to the Mediter¬ 
ranean climate and to the variety of 
scenery provided by nearby moun¬ 
tains, valleys, deserts, and ocean 
shore. In addition to mild climate, a 
natural harbor behind an offshore 
bar at San Diego early established 
that port as a naval base and in re¬ 
cent years as an aviation base. It is 
the headquarters of the Pacific fleet. 
Rich oil fields along the southern 
California coast, especially near Long 
Beach, have provided an abundant 
supply of petroleum and natural gas. 

LOWLANDS OF THE PACIFIC STATES 

Immediately east of the Coast 
Ranges are several important low¬ 
lands where soils consist largely of 
sediments washed from nearby moun¬ 
tains. These alluvial soils, many of 
which must be irrigated, constitute 
some of the principal agricultural 
lands of the Pacific states. The low¬ 
lands have a sort of linear arrange¬ 
ment and from north to south are 
(1) the Puget Sound-Willamette low¬ 
land, (2) the Sacramento-San Joaquin 


lowland, or Great California Valley, 
and (3) the Imperial Valley. 

Puget Sound-Willamette lowland. 

Between the Cascade Mountains and 
the Coast Ranges is the Puget Sound- 
Willamette lowland. Its land surface 
is by no means level. Some glacial 
drift is found in the Washington low¬ 
land, and in parts of the Willamette 
Valley large hills project through de¬ 
posits of alluvial soil. The climate is 
typically marine. Annual rainfall 
varies from 20 to 60 inches, which is 
less than on the western slopes of 
either bordering mountain range. 
Much of the lowland is cut-over for¬ 
est, and a considerable problem in 
some localities is the removal of 
stumps which may be 6 to 8 feet in 
diameter. Owing to mild and moist 
climate, pastures are excellent most 
of the year so that dairying thrives 
near the larger cities. 

This lowland is the most densely 
populated part of Washington and 
Oregon. From north to south the 
more important cities are Seattle, 
Tacoma, Olympia, Longview, Port¬ 
land, Salem, and Eugene. Seattle, 
Tacoma, and Portland are outstand¬ 
ing as commercial cities. They lie 
in the path of trade between the 
United States and the Orient, much 
of which utilizes the Columbia River 
passageway through the Cascades. 
Puget Sound is an excellent harbor, 
although anchorage is somewhat dif¬ 
ficult because of the depth of the 
water. Near Seattle is Lake Washing¬ 
ton, a fresh-water lake connected by 
canal with Puget Sound. Ships may 
anchor in the lake long enough for 
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barnacles to die and fall to the bot¬ 
tom . 1 

Prominent among the exports of 
the region are lumber and lumber 
products, fresh and canned fruits, 
and canned fish, especially the salmon 
of the Columbia River. Imports in¬ 
clude many commodities from the 
Orient. The large volume of inter¬ 
national trade that passes through the 
important seaports of this lowland 
brings considerable wealth to the re¬ 
gion. 

Great California Valley. The Great 
California Valley is a downfolded, 
structural trench between the Sierra 
Nevada and the Coast Ranges. In the 
north it is drained by the Sacra¬ 
mento River and in the south by the 
San Joaquin, both of which reach 
the Pacific through San Francisco 
Bay. Tributaries from the moun¬ 
tains, especially the Sierras, have 
floored the valley with alluvial soil 
and gravel. At the base of the moun¬ 
tains these deposits mainly take the 
form of piedmont alluvial plains. 
The slope of the alluvium is so gentle 
that the valley floor often appears 
flat. In some places there is consider¬ 
able swampland. 

The Mediterranean type of cli¬ 
mate is characteristic of the northern 
part of this region, and dry climates 
prevail in the south. Annual rainfall 
varies from 12 to 30 inches. Winter 
temperatures are moderate. The 
frost-free season is around 240 days. 

Irrigation of the piedmont alluvial 
plains is accomplished best on the 
east side of the great valley where 
the water of streams flowing down 


the western slopes of the Sierras can 
be retained in reservoirs and used as 
needed. Near the lower edges of the 
fans deep wells sometimes supply ir¬ 
rigation water (Fig. 415 ). 

In the northern valley the prin¬ 
cipal crops are rice, alfalfa, and vege¬ 
tables. In the southern part fruit 
production is more important. Fresno 
is famous as a fruit-drying center and 
is known as the raisin capital of the 
world. High summer temperatures 
of 95° to 105°F, low relative humid¬ 
ity of 10 to 25 percent, and the al¬ 
most complete absence of summer 
rain and cloudiness promote the 
fruit-drying industry. Great quanti¬ 
ties of apricots and peaches are 
canned and dried. Citrus fruits and 
olive, almond, arid walnut trees oc¬ 
cupy thousands of acres. Orchards are 
planted on slopes where air drainage 
decreases the probability of frost. 
Some alluvial deposits cannot be irri¬ 
gated and are used mainly for grain, 
hay, and pasture land. Near Bakers¬ 
field, south of Fresno and just north 
of the Mojave Desert, are important 
oil fields. 

The Imperial Valley. In extreme 
southern California and extending 
into Mexico is a small lowland some¬ 
what similar to the Great California 
Valley. It is called the Imperial 
Valley and is irrigated by water from 
the Colorado River. The climate is 
that of the low-latitude desert, and 

1 Barnacles are small, salt-water animals 
that fasten themselves on the bottoms of 
ships. They increase friction between the 
ship and water, thus retarding the ship's 
speed. They cannot live in fresh water. 
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Fig. 415. Irrigating cotton on a farm near MacFarland in the southern part of the Great California 
Valley. (Courtesy U. S. Bureau of Reclamation .) 


summers are extremely hot and dry. 
Since frosts are practically unknown 
in this region, agricultural produc¬ 
tion is at a maximum. The occur¬ 
rence of abundant alluvial deposits 
in this lowland is explained in Chap¬ 
ter 10. 

MOUNTAINS OF THE 
PACIFIC STATES 

Sierra Nevada. The Sierra Nevada 
are located in eastern California. 
They are mainly block mountains 
of igneous rocks, with the steep side 
facing Nevada and the more gentle 
slopes extending westward beneath 
the Great California Valley. In the 
southern Sierras is Mount Whitney, 
elevation 14,500 feet, the highest 


mountain in the United States. In 
the northern Sierras is Mount Shasta, 
a high volcanic cone, at the top of 
which are several valley glaciers. 
South of Mount Shasta is Mount Las¬ 
sen, the only active volcano in the 
United States. 

Rain and snow are abundant on 
the western slopes of the Sierras, re¬ 
sulting in the formation of glaciers 
and several deep canyons and the 
growth of magnificent trees. One of 
the deep canyons with its high water¬ 
falls and steep granite bluffs is the 
main feature of Yosemite National 
Park (Fig. 416). Farther south are 
Kings Canyon and Sequoia national 
parks where the giant sequoia tree 
reaches its maximum size. Good 
roads lead to these points of interest. 
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The numerous streams that flow 
westward from this highland toward 
the Great California Valley furnish 
water for irrigation. Some of these 
streams in the distant past washed 
considerable gold from the moun¬ 
tains into the gravel beds below, re¬ 
sulting in placer deposits, the dis¬ 
covery of which was responsible for 
the California gold rush of 1849. 

Cascade Mountains. The Cascades 
extend north and south through 
Oregon and Washington. They are 
volcanic in origin. Numerous cinder 
cones are found in the rolling moun¬ 
tain upland. Several high volcanic 
cones extend much higher than the 
general mountain level. Among these 
peaks are Mount Hood in Oregon 
and Mount Rainier, Mount Adams, 
and Mount Baker in Washington. 

Crater Lake National Park is in 
the Cascades of southern Oregon. 
This lake occupies a caldera in the 
top of an ancient volcano, Mount 
Mazama. The lake is roughly circu¬ 
lar, about 5 miles in diameter and al¬ 
most 2000 feet deep. Mount Rainier 
when not hidden by clouds, which is 
rare, is visible from Puget Sound 
cities. Atop the mountain are several 
long valley glaciers. Railroads and the 
famous Columbia River highway pass 
through the water gap cut by the 
Columbia River through the Cas¬ 
cades. 

Abundant precipitation falls on 
the western slopes of these moun¬ 
tains and supports the growth of ex¬ 
tensive forests of Douglas fir and 
pine. The heavy rain and snow also 
contribute to the great water-power 


resources of the Pacific Northwest, 
along with other factors that include 
the steep mountain slopes, the forest 
cover, many lakes and glaciers, and 
glaciated valleys with waterfalls and 



Fig. 416. El Capitan, a huge mass of granite, 
rises more than 3000 feet above the valley 
floor in Yosemite National Park, California. 
(Courtesy U. S. Department of the Interior .) 

rapids. This water power is used for 
the domestic and industrial supply 
of electricity and by railroads that 
use electric power in parts of their 
systems (Fig. 417). 

WESTERN PLATEAUS AND THE 
BASIN-RANGE REGION 

Between the Sierra Nevada-Cas- 
cade Mountains and the Rockies is a 
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Fig. 417. This view in the Cascade Mountains of Washington shows how a railroad makes use of 
available hydroelectric power. (Courtesy Great Northern Railway.) 


vast intermontane area characterized 
largely by plateaus and interior ba¬ 
sins. This entire area, in the rain 
shadow of the Pacific mountains, is 
one of low annual rainfall and, be¬ 
cause of its location inland, also one 
where extremes of temperatures are 
greater than in the Pacific coast re¬ 
gions. The climatic type, therefore, 
has been designated as steppe and 
desert. As might be expected, numer¬ 
ous irrigation projects, both large 
and small, spot the land surface. Be¬ 
ginning at the north, this area may 
be subdivided into three regions: the 
Columbia Plateau, the Basin and 
Range region, and the Colorado pla¬ 
teaus. 

Columbia Plateau. The Columbia 
Plateau is located in eastern Wash¬ 
ington and Oregon and southern 


Idaho. The bedrock of the region is 
igneous, mainly basalt, formed by 
successive flows of lava. Through the 
layers of lava the Snake and Colum¬ 
bia rivers have cut canyons. In places 
the Snake River canyon is more than 
4000 feet deep, and its walls some¬ 
times show 10 or more separate lava 
flows. The plateau surface is flat to 
rolling in nature. When the northern 
part in Washington was glaciated, 
the Columbia River was diverted 
through a temporary channel. This 
ancient channel, now abandoned, is 
a part of the Grand Coulee hydro¬ 
electric and irrigation project. 

Annual rainfall in general is less 
than 20 inches throughout this re¬ 
gion. In the western part, where the 
rain shadow is more effective, desert 
conditions exist, and irrigation plays 
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Fig. 418. Irrigated apple orchards in the Hood River Valley, northwestern Oregon. Snow-capped 
Mount Hood is visible in the distance. (Courtesy U. S. Department of Agriculture.) 


an important role in crop produc¬ 
tion. The bright, warm summer en¬ 
courages the production of fruit, 
especially apples. Three valleys on 
the eastern slopes of the Cascade 
Mountains—the Hood River, Yak¬ 
ima, and Wenatchee—are famous for 
their fruit production (Fig. 418). 

On the rolling uplands of eastern 
Washington, portions of which are 
covered with loess, wheat is one of 
the principal crops. In this section, 
Spokane is the important city. It is 
a railway center and in addition has 
grain elevators, flour mills, meat¬ 
packing plants, and supply houses 
for the mining and forest industries 
of nearby mountain regions. The 
waters of the Snake River are used 
for irrigation in eastern and southern 


Idaho. Near Boise is the large Arrow 
Rock reservoir. The irrigated lands 
produce grain and potatoes in con¬ 
siderable quantities. 

Basin and Range region. Most of 
Nevada, western Utah, southern Ari¬ 
zona, and parts of southern Califor¬ 
nia and New Mexico make up the 
Basin and Range region. Herein lie 
the largest deserts of the United 
States. The long summers in the 
southern part are extremely hot, and 
the relative humidity is so low that 
evaporation is unusually rapid. The 
Nevada-Utah portion is higher than 
the southern, and the winters are 
much colder. Especially in Nevada 
are found parallel ridges of block 
mountains between which are basins 
filled with alluvium (Fig. 419). 
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Fig. 419. This valley in Humboldt National Forest, Nevada, provides grazing land for sheep. 
(Courtesy U . S. Forest Service .) 


In southeastern California is Death 
Valley which holds the record for 
the highest temperature ever re¬ 
corded in the United States. The 
valley, over 200 feet below sea level, 
is the lowest point in the United 
States and is only a short distance 
from Mount Whitney, the highest. 

In Nevada and western Utah, in¬ 
terior drainage prevails, so that this 
region often is called the Great Ba¬ 
sin. The streams that do exist flow 
into basins, creating salt lakes from 
which the water is continually evap¬ 
orating or sinking into the ground. 
The Humboldt River, for example, 
flows westward into Carson Sink, its 
waters never reaching the ocean by 
surface drainage. Farther south this 
is not the case. Waters of the Colo¬ 
rado, Salt, Gila, and Rio Grande 
rivers reach the sea. 

Among the larger irrigated areas 


that spot the region are the Salt 
River project, made possible by the 
Roosevelt Dam; the Elephant Butte 
Reservoir on the Rio Grande; and 
the Newlands project in western Ne¬ 
vada. The huge Hoover Dam, de¬ 
scribed in Chapter 15, is on the Col¬ 
orado River between Arizona and 
Nevada. 

Great Salt Lake is the shallow 
remnant of ancient Lake Bonneville, 
a much larger and deeper lake that 
existed when the climate of the re¬ 
gion probably was more humid than 
at present. The shorelines of this 
ancient lake are plainly visible on 
nearby hills and mountains. The 
present lake is so shallow that a rail¬ 
road is built across it. The water 
has a salinity of about 20 percent and 
is the source of a commercial supply 
of salt which is obtained by evaporat¬ 
ing the water in flat, shallow basins. 
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West of the lake is the Great Salt 
Lake Desert. On the east side rise 
the Wasatch Mountains which are 
high enough to receive some 20 to 
30 inches of rain annually. The 
streams flowing down the western 
slopes of these mountains have 
formed deposits of alluvial soil 
which, when under irrigation, are 
highly productive. This land owes its 
development to the great courage of 
the Mormons. Salt Lake City and 
Ogden are the principal cities. 

The Basin and Range region is 
rich in minerals. Great quantities of 
copper are mined at Bisbee, Arizona, 
and Bingham, Utah. Nevada and 
Utah produce considerable quanti¬ 
ties of silver and gold. 

Colorado plateaus. The Colorado 
plateaus cover western Colorado, 
eastern Utah, northeastern Arizona, 
and northwestern New Mexico. They 
are composed largely of uplifted sedi¬ 
mentary rocks, generally horizontal, 
in which a number of canyons have 
been eroded. In northern Arizona 
is the magnificent Grand Canyon of 
the Colorado River. 

The annual rainfall over the Col¬ 
orado plateaus varies from 5 to 20 
inches. Summers are hot and dry. 
Because of greater elevation, how¬ 
ever, the heat is less severe than in 
southern Arizona. Rainfall is suffi¬ 
cient in the higher sections to sup¬ 
port the growth of forests. 

In addition to canyons, the region 
is marked by other interesting relief 
features. The volcanic San Francisco 
Mountains near Flagstaff, Arizona, 
reach an elevation of over 12,000 feet. 


The high Uinta Mountains, located 
in northern Utah and at the north¬ 
ern edge of this region, are anticlinal 
in structure and are notable because 
they constitute about the only east- 
west range in the United States. 

Throughout the Colorado plateaus 
arc numerous mesas, some of which 
are capped by resistant volcanic rock. 
This indeed is a region of interest to 
the traveler. In addition to the 
Grand Canyon National Park there 
are the Mesa Verde, Zion, and Bryce 
Canyon national parks. Among addi¬ 
tional points of interest are the 
Painted Desert, Petrified Forest, Nav¬ 
ajo National Monument, and Meteor 
Crater. 

THE ROCKY MOUNTAINS 

The Rocky Mountains are essen¬ 
tially an uplift of crystalline rocks, 
mainly granite and gneiss, from the 
tops of which the sedimentary rocks 
largely have been worn away. These 
mountains are divided into the 
northern and the southern Rockies, 
by the Wyoming basin, which is lo¬ 
cated in southern Wyoming. 

Southern Rockies. The southern 
Rockies are mainly in Colorado. The 
mountains that rise abruptly from 
the plains just west of Colorado 
Springs, Denver, and Boulder are 
known as the Front Range . Farther 
west are the Sawatch Range and 
others that extend well into New 
Mexico. The southern Rockies have 
been glaciated, and several small 
valley glaciers still exist. Cirques, 
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moraines, and glacial lakes are to be 
found in many places. 

Rocky Mountain National Park, 
in the Front Range of northern Col¬ 
orado, includes magnificent moun¬ 
tains. Within the park an automo¬ 
bile highway crosses the continental 
divide at ail elevation of over 11,000 
feet, far above the timberline. Colo¬ 
rado Springs is situated at the foot 
of Pikes Peak, southwest of which is 
Cripple Creek, the famous old gold¬ 
mining city. Among the assets of this 
region are the mineral resources, the 
scenery of high mountains, and the 
cool summer climate. The last two 
items attract thousands of vacation¬ 
ists to the mountains in summer. 

Northern Rockies. The northern 
Rockies cover parts of western Mon¬ 
tana and Wyoming and northern 
Idaho. They include the Wasatch 
Mountains of northern Utah and the 
Big Horn Mountains of central Wy¬ 
oming. In northwestern Montana is 
Glacier National Park, where there 
are a number of small glaciers and 
all the interesting features of gla¬ 
ciated mountains. Yellowstone Na¬ 
tional Park, in northwestern Wy¬ 
oming, is the largest of the national 
parks and, with its geysers, hot 
springs, lakes, waterfalls, canyons, 
and animal life, offers the greatest 
variety of attractions to the tourist. 

Scenic attractions are not the only 
asset of these mountains. Butte, Mon¬ 
tana, for example, with its great pro¬ 
duction of copper, gold, and silver, 
is one of the richest mining regions 
in the world. Idaho ranks high in the 
production of several minerals. Lum¬ 


bering and the grazing of cattle and 
sheep are important occupations in 
certain sections of the mountains. 

THE MIDDLE WEST 

Stretching from the Rockies to the 
Appalachian highlands is an exten¬ 
sive structural-plains area, with rela¬ 
tively flat-lying sedimentary rocks, 
the northern portions of which have 
been glaciated. Within this area are 
some of the finest farmlands in the 
world. These plains are well covered 
with transportation lines of various 
kinds. Few other areas of equal size 
have such a complete network of 
railroads and highways as has the 
state of Iowa. 

In the central and eastern portions 
of this plains area, the humid conti¬ 
nental type of climate prevails, and 
the southern portions blend into 
the humid subtropical. The '‘high 
plains” that lie immediately east of 
the Rockies are classified as middle- 
latitude steppes. 

Great Plains. Extending roughly 
from the meridian of 100°W long, 
to the Rocky Mountains and from 
southern Texas northward into Can¬ 
ada are the Great Plains. Much of 
the surface relief is characteristic of 
young stream-eroded plains. The re¬ 
gion consists essentially of a vast 
piedmont alluvial plain formed of 
sediments washed long ago from the 
Rocky Mountains. The larger moun¬ 
tain rivers, such as the Canadian, 
Arkansas, Platte, Yellowstone, and 
Missouri, wind their way eastward 
across this aTea of level to rolling 
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Fig. 420. Cattle grazing on the Great Plains of western Texas. (Photograph by V. C. Finch.) 


country, and their waters are used 
for irrigation in many places. The 
original vegetation cover of this re¬ 
gion consisted mostly of short, native 
grasses and, in the south, of sage¬ 
brush and patches of cactus. 

Certain interruptions occur within 
the plains area, such as the Black 
Hills; the Bad Lands; the sand-dune 
region of western Nebraska; the 
buttes of Montana; and the mesas of 
Texas, New Mexico, and Colorado. 
Sedimentary rocks underlie most of 
the region. 

The Great Plains are semiarid to 
arid. The annual rainfall varies from 
10 to 20 inches, with a summer maxi¬ 
mum. The daily range of tempera¬ 
ture is greater than in plains of lower 
elevation. A well-known characteris¬ 
tic of the high-plains climate is the 
prevalence of strong winds, resulting 
largely from the level nature of the 


land. These winds increase the bit¬ 
terness of the cold winters and cause 
hot waves and rapid evaporation in 
the summer. Severe duststorms may 
occur in any season. Man puts the 
high wind to work turning windmills 
which operate electric generators or 
water pumps. Near the Rocky Moun¬ 
tains, chinook winds often cause a 
quick moderation of cold winter 
weather. 

The grazing of cattle is an impor¬ 
tant occupation in the Great Plains, 
especially in the south (Fig. 420). 
The production of farm crops is a 
gamble because of uncertain rainfall. 
The perennial growth of grasses has 
produced a fairly rich, brown soil 
over much of the region. In the 
northern half of Colorado this soil 
is irrigated by water from mountain 
streams. The Colorado piedmont 
portion of this area is noted for its 
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production of sugar beets. The prin¬ 
cipal mineral resources of the Great 
Plains are the rock-salt deposits of 
Kansas; the natural gas and petro¬ 
leum of Texas, New Mexico, Okla¬ 
homa, Kansas, and Wyoming; and 
the lignite deposits in the Dakotas 
and Montana. 



Fig. 421. The Devil's Tower National Monument 
located in northeastern Wyoming. (Co urfesy 
U. S. Geological Survey.) 


The Black Hills, one of the inter¬ 
ruptions within the central plains 
area, are located mainly in western 
South Dakota. The center core of 
these hills consists of an uplift of 
igneous rocks, mainly granite, from 
which the sedimentary rocks have 
been eroded. The sandstone that out¬ 
crops around the central core is the 
source of much artesian water, espe¬ 
cially in eastern* South Dakota. 

Surrounded by dry plains, the 
Black Hills reach an elevation (Har¬ 


ney Peak is over 7000 feet) sufficient 
to receive enough rain to support 
forests of pine and spruce. The hills 
are rich in minerals; for example, 
the Homestake mine at Lead has pro¬ 
duced more than 200 million dollars* 
worth of gold ore. A short distance 
west of the Black Hills in Wyoming 
is a national monument called the 
Devils Tower . It is the core of an 
ancient volcano and rises almost 1000 
feet above the surrounding plains 
(Fig. 421). 

Interior lowlands. The interior low¬ 
lands extend from New York south¬ 
west to Oklahoma and Texas and 
from Tennessee to North Dakota. 
Bedrock in this area consists of 
nearly horizontal layers of sedimen¬ 
tary rocks deposited beneath great 
seas that covered the area in the geo¬ 
logic past. In general, the surface re¬ 
lief consists of undulating to level 
plains. Most of the region north of 
the Missouri and Ohio rivers is cov¬ 
ered with glacial drift, the southward 
portion of which is much older and 
greatly modified. The climate is char¬ 
acterized by hot, humid summers and 
moderately cold winters. Annual 
rainfall varies from 20 to 40 inches, 
with a summer maximum. Largely 
as a result of sufficient rain during 
the growing season, grasses and de¬ 
ciduous trees, constitute the native 
vegetation. Over much of the region, 
soils are rich and highly productive. 

The corn belt, which extends from 
Ohio to South Dakota, occupies the 
heart of the interior lowland (Fig. 
411). Within this belt about three- 
fourths of the world’s corn is pro- 
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Fig. 422. The rectangular-field pattern of the Illinois prairie. The dark clusters of trees indicate 
the location of farmhouses. (United Photo Shop.) 


duced. Wheat, oats, barley, and hay 
are other important farm crops (Figs. 
422, 423). These crops provide such 
abundant feed that this has become 
one of the principal livestock regions 
of the world. 

Southern Minnesota, southern 
Wisconsin, northern Illinois, and 
northeastern Iowa are noted for fine 
dairy cattle. Associated with the pro¬ 
duction of livestock are the great 
meat-packing plants, such as those in 
Chicago, Kansas City, Omaha, Sioux 
City, Fort Worth, and St. Paul. 
Wheat is grown over much of the 
interior lowlands, Kansas ranking 
first in production. Minneapolis, 
Buffalo, and Greater Kansas City are 
important flour-milling centers. 

Manufacturing is of considerable 
importance in many cities of the in¬ 
terior lowlands (Fig. 424) but espe¬ 
cially in those located on or near 


the Great Lakes, for example, Mil¬ 
waukee, Chicago, Gary, Grand Rap¬ 
ids, Detroit, Toledo, Cleveland, and 
Buffalo (Fig. 425). Detroit is out¬ 
standing in the field of automobile 
manufacturing. 

This belt of industrial cities largely 
owes its existence to (1) cheap trans¬ 
portation on the Great Lakes, (2) 
the iron ore of the Superior upland, 
(3) the relative nearness of both hard- 
and softwood forests, (4) the avail¬ 
able supplies of coal and petroleum, 
(5) the position on the east-west 
trunk-line railroads, and (6) the great 
energy of the people. Farther south, 
river transportation aided in estab¬ 
lishing such industrial cities as Cin¬ 
cinnati, Louisville, St. Louis, and 
Kansas City. 

The Agassiz Plain, which may be 
considered a portion of the interior 
lowlands, is located in northwestern 
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Minnesota, eastern North Dakota, 
and Manitoba, Canada. Flowing 
through this glacial-lake plain (see 
Chapter 11), much of which is ex¬ 
tremely level and fertile, is the Red 
River of the North, which empties 



Fig. 423. This excellent Hereford steer is repre¬ 
sentative of millions of cattle in the Middle 
West. Texas ranks first in total number of cat¬ 
tle; Iowa first in number of hogs. Animal ma¬ 
nures, when properly used, aid tremendously in 
maintaining the soil resources of any region. 
(Courtesy U . $. Soil Conservation Service.) 

into the Canadian Lake Winnipeg. 

The humid continental climate of 
this region is characterized by short 
summers and long, cold winters. 
There is no natural obstruction to 
check the southward movement of 
cold continental polar air masses. 
Annual rainfall is in the neighbor¬ 
hood of 20 to 25 inches, with a sum¬ 
mer maximum. This fortunate sea¬ 
sonal distribution of rain and the 
long summer days make this a region 


noted for its production of spring 
wheat, “Red River” potatoes, and 
flax. The wheat moves to Minneap¬ 
olis, Duluth, and Winnipeg, the last 
being the greatest primary wheat 
market in the world. Fargo, Moor¬ 
head, and Grand Forks are other im¬ 
portant cities located in this region. 

Superior upland. The Superior up¬ 
land includes the rather hilly region 
of northeastern Minnesota, northern 
Wisconsin, and the western part of 
the upper peninsula of Michigan. It 
is an extension of the vast area of ice- 
scoured crystalline rocks, with its for¬ 
ests and thousands of lakes, that lies 
north of the Great Lakes. As in the 
Agassiz Plain, the more severe type 
of humid continental climate pre¬ 
vails. Much of the region once was 
well covered with coniferous forests. 

This relatively small region is 
noted especially for its iron mines. 
North of Duluth is the Mesabi 
Range of hills in the vicinity of Hib- 
bing and Virginia. The great open- 
pit mines of this area easily place 
Minnesota first in iron-ore produc¬ 
tion. The mines near Bessemer, Mar¬ 
quette, and Escanaba put Michigan 
in second place. At Duluth, Superior, 
and other lake ports, great iron-ore 
docks are built out into the lake. 
Trains of iron ore move along the 
top of the docks and dump the ore 
into large bins, which empty into the 
long ore boats that anchor alongside 
(Fig. 426). These boats carry the ore 
down the Great Lakes to a number 
of steel-manufacturing cities, and 
some return loaded with coal. Huge 
grain elevators in the harbor at Du- 




Fig- 425. The Lake Michigan water front, Chicago, Illinois. The Chicago Canal, spanned by sev¬ 
eral bridges, may be seen at the left. (Courtesy United Air Lines.) 
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Fig. 426. Giant freighters carry many millions of tons of iron ore from Duluth and the Head-of- 
the-Lakes to the great blast furnaces and steel mills of the lower lake ports. By gravity, the 
freighter pictured here is filled in the amazingly short period of 3 hours. Its capacity is 14,000 
tons of ore. (Courtesy Duluth, Minnesota, Chamber of Commerce.) 


luth and Superior receive wheat by 
train and load the grain directly into 
ships bound for eastern ports. 

Ozark highlands. The Ozark high¬ 
lands occupy most of southern Mis¬ 
souri and extend south into Arkansas 
and Oklahoma. Ages ago there oc¬ 
curred in what is now southeastern 
Missouri an uplift of igneous rock. 
Removal by erosion of overlying 
sedimentary rocks leaves the igneous 
rock, mainly granite, outcropping to 
form large hills which reach eleva¬ 
tions in the neighborhood of 1700 
feet. From these big hills, the bed¬ 
rock slopes gently away in all direc¬ 
tions (Fig. 252). 

The climate of this region is simi¬ 


lar to that of the interior lowlands. 
Soils for the most part are residual 
and in general rather poor. The re¬ 
gion is noted for its many caves and 
large springs of clear, cold water 
which feed excellent fishing streams. 
Around these interesting natural fea¬ 
tures several state parks have been 
established. 

The Ozark hills are well covered 
with deciduous trees with some coni¬ 
fers in the higher parts (Fig. 427). In 
some localities, where grasses have 
been well established, there are ex¬ 
cellent grazing lands. This area is 
one of considerable mineral wealth. 
Lead mines located mainly in south¬ 
eastern Missouri have placed that 
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Fig. 427. Winslow, Arkansas, an Ozark Valley town. The railway ties piled near the tracks were 
cut from the native forest. (Photograph by V. C. Finch.) 


state first for several years in produc¬ 
tion of this metal. Toward the west¬ 
ern part of this region, in the vicinity 
of Joplin, Missouri, is the Tri-State 
mining region, noted for its produc¬ 
tion of zinc and lead. 

REGIONS OF THE SOUTH 

The most extensive region of the 
South is the Gulf coastal plain which 
extends from southern Texas around 
to and including western Florida. 
Within this large region is the Mis¬ 
sissippi floodplain and delta, which, 
because of certain characteristics, is 
discussed separately. Humid sub¬ 
tropical climate prevails throughout 
the area. In general this climate in 
southern United States does not have 
a distinct dry season, such as that 


which occurs in the summer months 
of the Mediterranean climate of Cali¬ 
fornia. Because of abundant rains 
and the generally low, level character 
of the land, the Gulf coastal plain is 
a region where much soil drainage 
is necessary. This is in marked con¬ 
trast to the irrigation that is so essen¬ 
tial in California. 

Gulf coastal plains. Gulf coastal 
plains consist for the most part of a 
land surface that is level to undulat¬ 
ing in character. This coast is the 
emerged type, being flat and sandy, 
with much swampland. Water along¬ 
shore is shallow. Especially along the 
coast of Texas are found numerous 
offshore bars and lagoons. Such a 
coast has few, if any, good natural 
harbors. 

Within the Gulf coastal plains 
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Fig. 428. Cotton gin and storage yard at Trumbull, south of Dallas, Texas. These bales of cotton 
weigh about 500 pounds each. 



Fig. 429* Grapefruit orchard near Lake Hamilton, Florida. 
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Fig. 430. The Ged oil field at Vinton, Louisiana. 


there is considerable variation in 
soils. In general the ruddy-colored 
subtropical soils of this region are 
not fertile. It seems unfortunate that 
this part of North America, which 
has such a productive climate, should 
be characterized by extensive areas 
of poor soils. Inland from the coast, 
however, the black-earth belts of Ala¬ 
bama and Texas, resulting largely 
from a bedrock of chalky limestone, 
are extremely fertile. Much of the 
coastal plain is characterized by the 
“piney woods” that extend from 
Texas to New Jersey. Yellow pine, 
cypress, and gum trees are a valuable 
resource of the region. From the 
pines are obtained turpentine and 
rosin (see Chapter 16). In the 
swampy, coastal lands are vast areas 
of tall grass. 

The higher, more fertile plains 
form a large part of the cotton belt 
of the United States, the greatest 
cotton-producing region in the world 


(Fig. 428). In Florida and southern 
Texas are important citrus-fruit re¬ 
gions (Fig. 429). Near Corpus Christi, 
large ranches are devoted to cotton¬ 
growing and the grazing of cattle. 
Along the coast of eastern Texas and 
extending into Louisiana are exten¬ 
sive rice fields, valuable resources of 
salt and petroleum, and the richest 
deposits of sulfur in the United 
States (Figs. 407, 430). 

East of the delta, numerous resorts 
which attract northerners in winter 
dot the smooth, sandy shore. Hous¬ 
ton, Galveston, Mobile, and Tampa 
are important coastal cities. Among 
the larger inland cities are Mont¬ 
gomery, Dallas, Fort Worth, and San 
Antonio. 

Mississippi floodplain and delta. 

The Mississippi floodplain from the 
mouth of the Ohio River to the Gulf 
of Mexico is 50 to 75 miles wide. It 
is bordered by bluffs, in some places 
200 feet high, and contains numer- 
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Fig. 431. Sugar-cane plantation near the sugar mill at Laplace, not far from New Orleans, 
Louisiana. 


ous oxbow lakes. Here is a region of 
hot, humid summers, mild winters, 
and abundant rain. The floodplain 
contains extensive areas of swamp¬ 
land and forests of cypress and gum 
trees. 

Especially in the lower part of the 
area the formation of natural levees 
has raised the river above the rest of 
the floodplain. In many places the 
natural levees are reinforced by arti¬ 
ficial levees. Since the natural levees 
are higher than adjacent swampland 
and can be artificially drained, they 
are the areas sought by the people 
who inhabit the region. Highways 
and railroads tend to parallel the 
river, using the higher parts of the 
levees. 

The alluvial soil of the floodplain, 
when properly drained, is highly pro¬ 


ductive. The St. Francis and Yazoo 
rivers, tributaries to the Mississippi, 
drain portions of the floodplain to 
form basins noted for cotton produc¬ 
tion. Farther south, rice and sugar 
cane (Fig. 431) are important crops, 
rice being grown where it can be 
easily flooded. New Orleans is built 
on the natural levee of the Missis¬ 
sippi and is situated some 90 miles 
upstream from the Gulf of Mexico. 
As a seaport, the city ranks high in 
the exporting of cotton and import¬ 
ing of tropical products such as ba¬ 
nanas, coffee, and sugar (Fig. 432). 

Throughout this region disastrous 
floods at times have done great dam¬ 
age. This is the land of “Old Man 
River.” One seldom thinks of the 
lower Mississippi River without re¬ 
calling Mark Twain’s Life on the 
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Fig. 432. Bananas being unloaded from the hold of a ship at Mobile, Alabama. Seaports on the 
south and east shores of the United States import great quantities of this tropical fruit. (Courtesy 
United Fruit Co.) 


Mississippi or the song, “River, stay 
’way from my door.” 

THE APPALACHIAN HIGHLANDS 

Extending from New York to Ala¬ 
bama is an upland area that may be 
referred to as the Appalachian high¬ 
lands . Within this area are large val¬ 
leys and hills (locally called moun¬ 
tains), many of which once supported 
considerable stands of hardwood for¬ 
est. Some of the hills are resistant 
masses of crystalline rocks; others are 
the result of the stream dissection or 
the folding of sedimentary rocks. 

Over much of the more hilly coun¬ 
try the building of transportation 
lines has been retarded by the rough¬ 


ness of the land surface and the 
sparse population of many localities. 
Most of the area has the humid con¬ 
tinental type of climate, although 
the southern portions blend into the 
humid subtropical type. This ex¬ 
tensive upland may be subdivided 
into the Appalachian hill region, the 
ridge-and-valley region, and the Blue 
Ridge region. 

Appalachian hill region. The Appa¬ 
lachian hill region (Figs. 251, 383, 
384) is bounded on the west by the 
interior lowlands and on the east by 
the ridge-and-valley region (folded 
Appalachians). The northern portion 
in New York, western Pennsylvania, 
and West Virginia usually is called 
the Allegheny highland; and the 
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southern portion in Kentucky, Ten¬ 
nessee, and Alabama, the Cumber¬ 
land highland . The bedrock of these 
highlands consists of horizontal layers 
of sedimentary rocks deeply cut by 
numerous valleys, giving much of 
the region a saw-tooth appearance 
rather than that of a level upland. 

Of tremendous importance in this 
region are the great deposits of coal. 
Many layers of bituminous coal, 
much of which is suitable for cok¬ 
ing, are exposed on the eroded val¬ 
ley slopes. Mining is not expensive, 
since it is necessary only to tunnel 
into the hillside. These coal deposits 
are probably the greatest in the 
world and have contributed largely 
to the industrial development of the 
United States. Pittsburgh, situated 
where the Allegheny and Mononga- 
hela rivers unite to form the Ohio, 
is outstanding in the manufacture 
of iron and steel products. Barges 
loaded with coal utilize the Monon- 
gahela River from West Virginia to 
Pittsburgh, some continuing south- 
westward to the many cities along 
the banks of the Ohio. 

In New York, the Allegheny high¬ 
land reaches its northern limit. Along 
the north-facing escarpment south of 
Lake Ontario are the Finger Lakes, 
long, narrow lakes resulting largely 
from glacial erosion and morainal 
blocking of north-south valleys. 
North of the escarpment is the Mo¬ 
hawk lowland, which long has been 
one of the most important east-west 
transportation thoroughfares in the 
United States. To the north of this 


lowland are the Adirondack Moun¬ 
tains, an extension southward of the 
hard, crystalline rocks that form the 
bedrock of much of eastern Canada. 
Near Albany the Mohawk River 
joins the Hudson, which flows south 
through a deep, glaciated valley to 
New York Bay, an estuary, on which 
is located New York City. 

Ridge-and-valley region. The ridge- 
and-valley region, sometimes called 
the folded Appalachians, is com¬ 
prised mainly of highly folded sedi¬ 
mentary rocks. In appearance it pre¬ 
sents a series of parallel ridges and 
valleys which trend in a general 
northeast-southwest direction from 
central Pennsylvania to Alabama. 
The ridges are largely due to the 
greater resistance of the tilted layers 
of sandstone and conglomerate. Sev¬ 
eral antecedent rivers, including the 
Lehigh, Delaware, Susquehanna, and 
Potomac, have cut water gaps across 
the ridges (Chapter 12). These gaps 
are much used by east-west transpor¬ 
tation lines. 

Within this region is the so-called 
“Great Valley,” which includes the 
Shenandoah Valley of Virginia and 
the valley of east Tennessee. In por¬ 
tions of these valleys a bedrock of 
limestone has produced a fertile soil 
which is largely responsible for such 
agricultural pursuits as general farm¬ 
ing, fruit production, and, in the 
south, cotton-growing. The valley of 
east Tennessee and certain adjoining 
areas are now being administered by 
the Tennessee Valley Authority (Fig. 
331). 



Fig. 433. Scene in Great Smoky Mountains National Park, eastern Tennessee. In the middle fore¬ 
ground appears a fish hatchery. The several round pools of water are used for the rearing and 
grading of fish. (Courtesy U. S. Department of the Interior, Bureau of Fisheries.) 


Blue Ridge region. The Blue Ridge 
region is located mainly in Virginia 
and western North and South Caro¬ 
lina. It consists of great masses of 
resistant, crystalline rocks that rise 
some 2000 feet above the Piedmont 
region immediately to the east. The 
Blue Ridge region was not glaciated. 

The Great Smoky Mountains Na¬ 
tional Park, which includes parts of 
both Tennessee and North Carolina, 
is noted for its fine mountain scenery. 
Mount Mitchell, the highest moun¬ 
tain in the eastern United States, is 
in western North Carolina. Reach¬ 
ing an elevation of 6684 feet, this 
peak receives the heaviest rainfall 
east of the Mississippi. Largely as 
a result of abundant precipitation, 
water power and timber are valuable 
resources of the Blue Ridge region. 


The valleys are utilized in several 
ways (Fig. 433). 

THE ATLANTIC SLOPE 

Piedmont region. This region lies 
between the Atlantic coastal plain on 
the east and the Blue Ridge region 
on the west and extends from Penn¬ 
sylvania to Georgia. The western 
border of the Piedmont is from 800 
to 1500 feet above sea level. The 
land surface slopes gently toward the 
east and southeast. Abundant rain¬ 
fall has aided in rock disintegration, 
and as a result the underlying bed¬ 
rock of granite and associated crystal¬ 
line rocks has yielded a fairly good 
soil, in places over 50 feet deep. 

Numerous streams cross the Pied¬ 
mont, flowing in a southeasterly di- 




Fig. 434. Harvesting a tobacco crop in Davidson County, North Carolina. The leaves must go 
through a process of curing before they can be used. (Courtesy U. S. Department of Agriculture , 
Extension Service.) 


rection toward the Atlantic. A few 
monadnocks of more resistant rock 
dot the rolling upland, an example 
being Stone Mountain, near Atlanta, 
Georgia. Heavy rains have made the 
problem of soil erosion a serious one 
in certain localities. Steps are being 
taken, such as plowing along contour 
lines, to check the loss of topsoil. 
Fields abandoned, largely because of 
soil exhaustion or sheet erosion, may 
now be observed supporting a growth 
of scrubby pine trees. 

Hydroelectric power is contribut¬ 
ing to an increase in manufacturing 
in the Piedmont region. Large cot¬ 
ton mills have been established to 
such an extent that they offer serious 
competition to those of New Eng¬ 


land. For the most part the land sur¬ 
face of the region, except near the 
mountains, is not extremely rough, 
so that a good network of railroads 
has been established. As a result of 
the latitudinal extent of this prov¬ 
ince the variety of agricultural prod¬ 
ucts is very great. Cotton and tobacco 
are leading crops (Fig. 434). 

Atlantic coastal plain. Throughout 
most of its length, from southern 
Florida to New Jersey, the Atlantic 
coastal plain is similar to the Gulf 
coast. The smooth continental shelf 
has been uplifted but, in places, sub¬ 
merged again to create valuable estu¬ 
aries such as Chesapeake and Dela¬ 
ware bays. Sandstone layers that dip 
gently toward the east outcrop far- 
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ther west. This stratification makes 
possible the drilling of many artesian 
wells along the coastal plain. Soils 
in this region tend to be sandy, badly 
leached in some localities, and not 
very fertile. As a result, farmers are 
forced to use great quantities of com¬ 
mercial fertilizers. 

The climate of the southern At¬ 
lantic coastal plain is humid sub¬ 
tropical; that north of Virginia is 
humid continental. Rainfall is abun¬ 
dant throughout the entire region, 
which, together with the presence of 
much sand, is responsible for the 
leaching of surface soils. Swamps 
and extensive areas of piney woods 
are more numerous near the coast 
(Fig. 435). Farther inland on higher 
ground agriculture becomes more 
important. 

In the south, cotton and tobacco 
are main crops; in the north, espe¬ 
cially near the larger cities, truck 
gardening predominates. New Jersey 
and Maryland, for example, are well 
known for the production and can¬ 
ning of tomatoes. 

The Atlantic coastal plain is well 
supplied with railroads and high¬ 
ways. Some of the large cities are 
located on the coast; others occupy 
advantageous positions along the fall 
line, a line that roughly separates the 
coastal plain from the higher and 
somewhat rougher Piedmont region 
to the west. Along this line, where 
streams descend from the harder, 
crystalline rocks of the Piedmont to 
the less resistant rocks of the coastal 
plain, are rapids and waterfalls which 
are utilized for power. 


Fall-line cities include Richmond, 
Raleigh, Columbia, Augusta, and 
Macon. Atlantic City is situated on 
an offshore bar where the smooth 
sand, cool sea breezes, and excellent 
surf bathing attract thousands of 
summer vacationists. 



Fig. 435. Longleaf pine trees In South Carolina. 
Note placement of cups for collecting resin. 
(Courtesy U. S. Forest Service.) 


Along the Atlantic coast are a 
number of important seaports, situ¬ 
ated for the most part on estuaries. 
The list includes Boston, New York, 
Philadelphia, Baltimore, Norfolk, 
Wilmington, Charleston, Savannah, 
and Jacksonville. Important exports 
from southern ports are cotton and 
naval stores; those of the northern 
ports are largely manufactured goods, 
among which machinery, automo¬ 
biles, and petroleum products are 
outstanding. 
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Fig. 436. Top of Mount Washington, northern New Hampshire. Here, where the wind velocity has 
reached more than 200 miles per hour, one of the most complete meteorological observatories in 
the United States is maintained. Above, a burning silver iodide flare (at end of rod) is being used 
during a snow-making experiment. (Courtesy Mount Washington Observatory.) 


The value of imports and exports 
handled at New York is far greater 
than that of any other American sea¬ 
port. The city has the advantage of 
a good estuarine harbor, excellent 
transportation facilities to a hinter¬ 
land highly productive both agricul¬ 
turally and manufacturally, and it 
lies in the path of trade between the 
United States and Europe. 

New England region. Throughout 
most of the New England region, 
hard, crystalline rocks, such as granite 
and gneiss, predominate. The entire 
region was glaciated. As a result, the 
rougher highlands in the northern 
part are characterized by the pres¬ 
ence of many lakes, a thin covering 
of poor soil, and in places bare rock. 


The higher portions of crystalline 
rocks are known as the White Moun¬ 
tains in northern New Hampshire 
and the Green Mountains in Ver¬ 
mont. Mount Washington, in New 
Hampshire, rises to a height of 6288 
feet above sea level (Fig. 436). 

The tendency for storms to leave 
the United States through the St. 
Lawrence Valley causes a changeable 
climate in New England. In the 
highlands, winters are severe with 
heavy snowfall. Summers are delight¬ 
ful, and consequently northern New 
England is one of the favorite vaca¬ 
tion spots of the East. In general, 
however, the highlands are sparsely 
populated, and agriculture, lumber¬ 
ing, grazing, and the quarrying of 
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Fig. 438. Sails drying in the sun. A portion of the fishing fleet at Gloucester, Massachusetts. This 
seaport is famous as a producer of fine sea food. (Courtesy Gloucester Chamber of Commerce .) 
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Fig. 439. Cotton mills at Fall River, Massachusetts. 


granite, marble, and slate are impor¬ 
tant occupations (Fig. 437). 

The irregular, horded coast of 
Maine is spotted with villages from 
which many fishermen make regular 
trips to the Grand Banks off New¬ 
foundland in search of sea food. 
Gloucester, Massachusetts, is noted 
as a hshing port (Fig. 438). 

A much greater density of popula¬ 
tion is found in the lowlands of New 
England, where industry thrives, 
than in the highlands farther north. 
Manufacturing began early in New 
England, largely as a result of a com¬ 
bination of several factors, which in¬ 
cluded the presence of water power, 
a good supply of soft water, an invig¬ 
orating climate, and a sufficient sup¬ 
ply of labor and capital. Within this 
region the three most important low¬ 


lands are the low area around Bos¬ 
ton, the Narragansett Bay area, and 
the lower Connecticut Valley. The 
variety of industries is tremendous. 
The Boston area is noted especially 
for leather products; the Narragan¬ 
sett Bay area, for cotton mills (Fig. 
439); and the Connecticut Valley, for 
hardware, jewelry, and paper prod¬ 
ucts. 

CONCLUSION 

The brief survey of the United 
States presented here would be in¬ 
complete without a word concerning 
the people and the country as a 
whole. A study of the various major 
regions of the country emphasizes 
the fact that the American people 
live under greatly contrasting envi- 
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ronmental conditions. Life in the 
warm, humid lowlands of the Gulf 
coast is in marked contrast with that 
in the northern portions of the in¬ 
terior lowlands where bitterly cold 
winters are the rule. Abundant rains 
and great forests characterize the 
western slopes of mountains in Wash¬ 
ington, Oregon, and California; and 
to the east lie the arid and semiarid 
lands of the Great Basin and plateau 
provinces, with their more severe 
continental climates. Yet with all 
these contrasts, the people of the 
country as a whole have many inter¬ 
ests in common and are working con¬ 
tinually toward the attainment of 
certain goals. 

The United States has made tre¬ 
mendous progress in the past 100 
years, and in spite of temporary set¬ 
backs, that progress must continue. 
Among the many problems that face 
the country, few deserve more seri¬ 
ous consideration than certain ones 
that have been emphasized in this 
book, namely, a clear understanding 
of the kinds and variety of the coun¬ 
try’s natural endowment and the 
proper use and conservation of its 
natural resources. 

SUMMARY 

In this chapter the United States 
was divided into large sections which 
are subdivided into major regions. 
Each region is characterized by cer¬ 
tain aspects of climate and by certain 


relief features of the land, soils, nat¬ 
ural resources, and economic prod¬ 
ucts. The following outline shows 
the method of dividing the country 
into sections and regions: 

The Pacific coast 
The Coast Ranges 
Lowlands of the Pacific states 
Puget Sound-Willamettc low¬ 
land 

Great California Valley 
Imperial Valley 

Sierra Nevada-Cascade Mountains 
Sierra Nevada 
Cascade Mountains 
Western plateaus and the Basin 
and Range region 
Columbia Plateau 
Basin and Range region 
Colorado plateaus 
The Rocky Mountains 
Southern Rockies 
Northern Rockies 
The Middle West 
Great Plains 
Interior lowlands 
Superior uplands 
Ozark highlands 
Regions of the South 
Gulf coastal plain 
Mississippi floodplain and delta 
Appalachian highlands 
Appalachian hill region 
Ridge-and-valley region 
Blue Ridge region 
The Atlantic slope 
Piedmont region 
Atlantic coastal plain 
New England region 
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QUESTIONS 

1. Locate the Coast Ranges. What type of mountains are they? 

2. What use is made of the piedmont alluvial plains in California? 

3. Locate the Santa Clara and Rogue River valleys. For what is each 
noted? 

4. How do the Coast Ranges influence rainfall? 

5. Locate the Olympic Mountains. Why is there such heavy rainfall 
there? 

6. Briefly describe the forests of the Pacific coast region. 

7. Discuss the climate of the Puget Sound region. 

8. Where is the Willamette Valley? For what is it noted? 

9. The Great California Valley is about how long? It lies between what 
mountain ranges? 

10. Describe the climate of the Great California Valley. 

11. What is a piedmont alluvial plain? 

12. For what is Fresno noted? Give reasons. 

13. What are citrus fruits? Where are they produced in California? 

14. Where is the Imperial Valley? Why is it a highly productive region? 

15. The Sierra Nevada are what type of mountains? How were they 
formed? 

16. What national parks are in the Sierras? For what is each noted? 

17. Name and locate the higher peaks of the Cascades. 

18. What is the importance of the Columbia River water gap? 

19. State several reasons why the Pacific Northwest ranks high in water¬ 
power resources. 

20. What is the nature of bedrock in the Columbia Plateau? 

21. Where is the Snake River canyon? the Grand Coulee project? 

22. For what is the Spokane region noted? the irrigated lands of Idaho? 

23. Why is the Basin-Range region arid to semiarid? 

24. Interior drainage prevails in the Great Basin. Explain. 

25. Where is Death Valley? What is its elevation? Locate the Mojave 
Desert. 

26. Name and locate several irrigation projects in the Basin and Range 
province. 

27. What are the purposes for which Hoover Dam was built? 

28. What is the percentage of salt in Great Salt Lake? What effect has it 
on the density and buoyancy of the water? 

29. What rocks form the Colorado plateaus? 

30. Name and locate several places of interest in the Colorado plateaus. 

31. In what states are the southern Rockies? the northern Rockies? 
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32. Where is the Front Range? the Sawatch? 

33. List several relief features of glaciated mountains. 

34. What national parks are in the northern Rockies? For what is each 
noted? 

35. Locate the Great Plains. How were they formed? Name five rivers 
crossing this region. 

36. What native vegetation is characteristic of the Great Plains? 

37. Where is the Colorado piedmont? For what is it noted? 

38. Mention the principal mineral resources of the Great Plains. 

39. Locate the Black Hills. For what are they noted? 

40. In what region is the corn belt? Name and locate several meat¬ 
packing centers in this region. 

41. Name the principal wheat-producing states. Locate the principal 
flour-milling centers. 

12. Why is there much manufacturing in the Great Lakes region? 

43. Discuss the climate and agriculture of the Agassiz Plain. 

44. For what mineral production is the Superior upland noted? The ores 
are shipped from what lake ports? 

45. Where has erosion exposed the uplifted center core of crystalline 
rocks in the Ozark region? 

46. Briefly discuss the mineral resources of the Ozark region. 

47. How was the Gulf coastal plain formed? What is an offshore bar? 

48. Name the principal states in the cotton belt. 

49. What trees predominate on the Gulf coast? What are naval stores? 

50. Mention the principal mineral resources of the Gulf coast. 

51. State five facts concerning the lower Mississippi floodplain. 

52. Name and locate the two subdivisions of the Appalachian hill region. 
What is the nature of bedrock in these areas? 

53. Locate Pittsburgh. Discuss its importance. Give reasons. 

54. Why is the Mohawk lowland of such importance? 

55. What is the principal cause of the parallel ridges in the ridge-and- 
valley region? 

56. What is a water gap? What rivers have cut water gaps through the 
Appalachian ridges? What use is made of these openings? 

57. Locate the Blue Ridge region. Structurally how does it differ from 
the ridge-and-valley region? 

58. Why is there considerable soil erosion in the Piedmont region? 

59. Why does plowing along contours help check soil erosion? 

60. Why has manufacturing increased in the Piedmont region? 

61. On the Atlantic coast, what has been the result of coastal emergence? 
of submergence? 
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62. Why are some soils on the Atlantic coastal plain badly leached? 

63. Why have cities developed along the fall line? Mention several. 

64. Name and locate several Atlantic seaports. What advantages has New 
York as a seaport? 

65. What are the principal occupations in the New England highlands? 

66. Where are the principal lowlands of New England? For what manu¬ 
factured products is each noted? 

67. Why did manufacturing get an early start in New England? 

68. Among the problems that face the people of the United States, what 
two have received considerable emphasis in this book? 

SUGGESTED ACTIVITIES 

1. Purchase an outline map of the United States, about 3 by 4 feet in 
size. Regions should be delimited and colored on this map but not labeled. 
Drill yourself in naming the regions correctly and in pointing to places of 
interest that are mentioned in this discussion. 

2. If you live in a region that has been mapped by the U. S. Geological 
Survey, purchase the topographic map of the region, and study it thor¬ 
oughly. What is the general nature of surface relief? What relief features 
in the region were formed by streams? by glaciers, if any? Are the stream 
valleys mainly young, mature, or old? Pick out a section of land, and be 
able to give its number, township, and range. What and where on the map 
is the lowest elevation? the highest? What railroads and highways appear 
on the map? 

3. Study other topographic maps of the various major regions of the 
United States. 

4. In what major region discussed in this chapter do you live? Draw a 
large map of this region by first drawing the necessary parallels and merid¬ 
ians. Fill in the map to show more detailed information than is brought 
out in this chapter. Can you subdivide your major region into several minor 
ones? 

5. Secure at least one geological folio from the U. S. Geological Survey. 
The Black Hills folio, suggested in connection with Chapter 12, may also 
be used here. What subjects are discussed in the folio? How many maps 
are there? What do they show? Note the cross-sectional drawings that show 
rock structure and the photographs that illustrate surface relief. 

Note: Other activities may be found in the laboratory manual. 
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TOPICS FOR CLASS REPORTS 

1. The Grand Coulee Region of Washington 

2. Southern California 

3. Great Salt Lake and Environs 

4. Yellowstone National Park 

5. The Corn Belt 

6. Irrigation in the Valley of the Platte River 

7. The Coastal Lands Bordering the Gulf of Mexico 

8. Commerce of the Great Lakes 

9. The Mohawk Valley 

10. The Chesapeake Bay Region 

11. The Connecticut Valley 

12. The Lake Plains of New York 
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appendix a. The Seasons 


The earth rotates on its axis once 
every day (24 hours) and revolves 
around the sun once each year 
(365% days). The earth’s axis is in¬ 
clined 23%° toward the plane of the 
earth's orbit and always in the same 
direction, the North Pole pointing 
toward the North Star (Chapter 1). 
This means that the position of the 
axis at any given time is parallel to 
the position at all other times of the 
year. This inclination and parallel¬ 
ism of the axis and the earth’s revo¬ 
lution around the sun are responsi¬ 
ble for the following: 

1) The migration of the vertical 
rays of the sun 23%°N and 23%°S 
of the equator 

2) A day-to-day change in sun alti¬ 
tude everywhere 

3) Differences in the length of day 
and night 

These three factors combine to 
produce the change of seasons. If the 
axis were not inclined but were per¬ 
pendicular to the plane of the earth’s 
orbit, there would be no change of 
seasons on the earth, and the vertical 
rays of the sun would remain con¬ 
stantly at the equator. If the axis 
were inclined more than 23%°, the 
change of seasons would be some¬ 
what more extreme than at present. 


The migration of the vertical rays 
of the sun over 47° of latitude twice 
each year makes it possible to deter¬ 
mine four important dates. They 
are 

1) The equinoxes— the two days 
on which the vertical rays of the sun 
cross the equator 

2) The solstices—the two days on 
which the vertical rays reach their 
greatest distance from the equator 

Twice each year the sun’s noon 
rays are vertical at the equator (sun 
altitude 90°), once on March 21, 
called the vernal equinox, and again 
on September 22, called the autum¬ 
nal equinox (Fig. 440). The time in¬ 
terval between equinoxes is exactly 
the same, but the dates fall on dif¬ 
ferent days of the month (21, 22, 23) 
because of irregularities in the calen¬ 
dar now in use. Since the vertical 
noon rays strike the equator, the cir¬ 
cle of illumination passes through 
both poles and cuts all the earth’s 
parallels exactly in half. One-half of 
each parallel (180°) is in light; the 
other half, in darkness. Consequently 
all places on the earth have equal 
day, 12 hours, and equal night, 12 
hours. ( Equi-nox means equal night.) 
The tangent rays, where sun altitude 
is zero, touch the poles. Maximum 
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Fig. 440. On the equinoxes, when the 
sun's vertical rays are at the equator, 
the circle of illumination cuts all the 
parallels in half, and days and nights 
are equal in length over the entire 
earth. At this time, insolation decreases 
regularly from equator to poles. At the 
times of the solstices, the sun's vertical 
rays have reached their greatest pole- 
ward migration. The circle of illumina¬ 
tion cuts all the parallels (except the 
equator) unequally, so that days and 
nights are unequal in length except at 
latitude 0°. 


solar energy is being received at the 
equator and diminishes regularly 
toward each pole. Seasons in the 
north and south intermediate zones 
are reversed. This means that on 
March 21, for example, the season in 
the United States is spring and in 
Argentina autumn. 

After March 21 the vertical rays 
continue northward in the Northern 
Hemisphere. On June 21, called the 
summer solstice, the earth is approxi¬ 
mately midway in its orbit between 
the equinoctial positions, and the 


North Pole is inclined 23%° toward 
the sun (Fig. 440). The vertical rays 
of the sun travel the same number 
of degrees from the equator as the 
earth’s axis is inclined. Thus, on 
June 21 the vertical rays have reached 
their farthest point north, touching 
the parallel 23%°N, which is called 
the Tropic of Cancer . The tangent 
rays in the Northern Hemisphere 
pass over the pole and reach the 
Arctic Circle , 66%°N. In the South¬ 
ern Hemisphere the tangent rays do 
not reach the pole but terminate at 
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the Antarctic Circle, 66%°S. Both 
Arctic and Antarctic Circles are 23%° 
from their respective poles. On June 
21, all parts of the earth north of the 
Arctic Circle have 24 hours of day¬ 
light; all parts south of the Antarctic 
Circle have 24 hours of darkness. 
All parallels, except the equator, are 
cut unequally by the circle of il¬ 
lumination, those in the Northern 
Hemisphere having their larger parts 
toward the sun so that days are 
longer than nights. Longer days, plus 
a greater angle of the sun's rays, re¬ 
sult in a maximum receipt of solar 
energy in the Northern Hemisphere, 
and a summer season is the result. 

In the Southern Hemisphere at 
this same time all these conditions 
are reversed, nights being longer 
than days, and the sun’s rays rela¬ 
tively oblique (low sun altitude), so 
that receipts of solar radiation are at 
a minimum, and winter conditions 
prevail. 

On December 22, called the win¬ 
ter solstice , when the earth is in the 
opposite position in its orbit from 
what it was on June 21, it is the 
South Pole that is inclined 23%° 
toward the sun (Fig. 440). The sun’s 
noon rays are then vertical over the 
Tropic of Capricorn (23%°S), and 
the tangent rays pass 23%° over the 
South Pole to the Antarctic Cir¬ 
cle (66%°S). Consequently south of 
66%°S there is constant light, and 
north of 66% °N there is a continu¬ 
ous absence of sunlight. All parallels 
of the earth, except the equator, are 
cut unequally by the circle of illumi¬ 


nation, with days longer and the 
sun’s rays more nearly vertical in the 
Southern Hemisphere. December is 
a summer month south of the equa¬ 
tor but winter in the Northern Hem- 


Norfh 



Fig. 441. The sun's path across the sky at dif 
ferent seasons is shown as it appears to an 
observer O somewhere near the latitude of 
Philadelphia; Springfield, Illinois; or Denver. 
Only on the equinox does the sun rise due east 
and set due west. In summer it rises in the 
northeast and sets in the northwest. In winter 
it rises in the southeast and sets in the south¬ 
west. On all days of the year it is south of the 
observer at noon. Note how the angle of the 
sun's rays (sun altitude) at noon decreases 
from summer to winter. In summer it is repre¬ 
sented by the angle SXY (about 74°), in au¬ 
tumn and spring by AXY (about 50°), and in 
winter by WXY (about 26°). In general, the 
lower the sun altitude, the lower the tempera¬ 
ture. 

isphere where opposite conditions 
prevail. 

Because of the inclination of the 
earth’s axis, the path of the sun across 
the sky during the day varies greatly 
in different parts of the world. At the 
equator, at the time of an equinox, 
the sun rises due east, is directly over¬ 
head at noon, and sets due west. 
Dawn and twilight are of much 
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shorter duration than in middle or 
high latitudes. On June 21 at the 
equator, the sun rises north of east, 
is north at noon, and sets north of 
west; on December 22, it rises south 
of east, is south at noon, and sets 
south of west. 

In the Northern Hemisphere, 
north of the Tropic of Cancer, the 
path of the sun is entirely unlike 
that in the vicinity of the equator. 
Since the Tropic of Cancer is every¬ 
where south of the United States, the 
noon sun is always south and never 
is directly overhead at any point in 
this country. However, at Key West, 
Florida, the southernmost point in 
the United States, the noon sun is 
extremely close to a vertical position 
on June 21. On this same date much 
of the country has 14 to 15 hours of 
sunlight, the sun swinging in a large 
arc across the sky, rising in the north¬ 
east, being south at noon, and setting 
in the northwest (Fig. 441). 


In Canada the hours of sunlight 
on June 21 vary from 16 to 24, de¬ 
pending upon nearness to the Arctic 
Circle. The farther north, the longer 
the day. On the west shore of Lake 
Winnipeg is a summer resort where, 
especially in June and July, the long 
days are very noticeable and where 
by August the growth of grasses, 
bushes, and vines is so thick that it 
is almost impossible to see from one 
cabin to another. The rapid growth 
of vegetation during the summer is 
due in part to the long days. The 
path of the sun on the north coast of 
Alaska on June 21 is interesting. 
Barring clouds, the sun appears in 
the east in the morning, south at 
noon, west in the evening, and north 
at midnight, thus swinging around 
the observer in a huge circle, being 
highest above the horizon at noon 
and lowest at midnight. On this same 
date Little America in Antarctica ex¬ 
periences continuous darkness. 
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SUPPLEMENTARY CLIMATIC DATA FOR SELECTED STATIONS 


T, temperature in degrees Fahrenheit; Rf, rainfall in inches 



Jan. 

Feb. 

Mar. 

Apr. 

M ay 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 

Range 

l.T 

Rf 

79 

7.9 

79 

4.6 

80 

7.2 

81 

6.0 

81 

11.1 

80 

11.7 

81 

9.9 

82 

6.5 

83 

3.1 

83 

2.9 

82 

6.7 

81 

11.1 

81 

88.7 

4.0 

2. T 
Rf 

80 

3.3 

80 

1.9 

82 

4.3 

83 

9.7 

83 

10.9 

82 

7.3 

81 

4.4 

81 

3.2 

81 

4.8 

81 

13.4 

80 

11.8 

80 

5.1 

81 

80.1 

3.2 

3. T 
Rf 

80 

3.9 

79 

1.7 

80 

1.7 

80 

4.2 

80 

12.6 

80 

13.5 

80 

16.2 

79 

14.9 

80 

12.5 

79 

14.8 

79 

21.5 

80 

11.9 

80 

129.4 

1.1 

4. T 
Rf 

79 

0.9 

81 

0.1 

84 

0.3 

86 

1.7 

84 

8.3 

82 

12.6 

82 

11.1 

82 

11.0 

82 

15.3 

81 

11.1 

80 

3.7 

79 

3.1 

82 

77.2 

7.0 

5. T 
Rf 

84 

15.3 

83 

13.0 

84 

9.7 

84 

4.5 

82 

0.7 

79 

0.2 

77 

0.1 

80 

0.1 

83 

0.5 

86 

2.1 

86 

5.2 

85 

10.3 

83 

61.7 

8.5 

6. T 
Rf 

70 

0.1 

75 

0.1 

83 

0.2 

90 

1.1 

89 

5.8 

87 

5.5 

87 

3.3 

86 

4.6 

85 

5.7 

83 

4.7 

76 

1.6 

71 

0.4 

82 

35.1 

20.0 

7. T 
Rf 

60 

0.6 

62 

1.9 

65 

2.8 

64 

3.4 

66 

3.0 

64 

5.7 

62 

11.0 

61 

12.1 

61 

7.6 | 

62 

0.8 

59 

0.5 

59 

0.2 

62 

49.6 

7.0 

8. T 
Rf 

49 

1.2 

54 

1.3 

61 

1.3 

71 

0.9 i 

81 

0.2 

90 

0.0 

95 

0.0 

94 

0.0 

88 

0.0 

80 

0.1 

63 

0.8 

53 

1.2 

73 

7.0 

46.0 

9. T 
Rf 

60 

0.0 

60 

0.1 

59 

0.2 

58 

0.2 

57 

0.4 

55 

0.3 

55 

0.2 

54 

0.4 

55 

0.3 

58 

0.0 

59 

0.2 

60 

0.1 

58 

2.3 

6.0 

10. T 
Rf 

58 

0.5 

62 

0.5 

68 

0.7 

73 

1.1 

79 

1.2 

82 

2.3 

82 

2.1 

83 

2.0 

78 

4.4 

71 

2.4 

64 

1.3 

57 

1.0 

71 

19.5 

25.2 

11.T 
Rf 

19 

0.5 

23 

0.4 

33 

0.4 

48 

0.7 

64 

0.7 

73 

0.8 

76 

0.5 

74 

0.5 

63 

0.5 

50 

0.5 

36 

0.5 

27 

0.6 

49 

6.6 

56.9 

12. T 
Rf 

74 

0.7 

74 

0.6^ 

70 

1.0 

64 

1.7 

1 

58 

2.8 

54 

3.1 

52 

2.6 

54 

2.5 

57 

2.0 

62 

1.7 

67 

1.2 

71 

1.0 

63 

20.9 

22.4 

13. T 
Rf 

70 

0.7 

70 

0.6 

68 

0.9 

63 

1.9 

59 

3.8 

56 

4.5 

55 

3.6 

56 

3.4 

58 

2.3 

61 

1.6 

64 

1.1 

68 

0.8 

62 

25.2 

15.6 

14. T 
Rf 

49 

4.0 

50 

2.6 

53 

3.3 

56 

2.0 

61 

1.7 

68 

0.7 

73 

0.1 

75 

0.1 

70 

1.1 

64 

3.4 

57 

4.1 

52 

3.9 

61 

27.0 

25.4 

IS. T 
Rf 

74 

3.1 

73 

2.7 

69 

4.4 

61 

3.5 

55 

2.9 

50 

2.5 

49 

2.2 

51 

2.5 

55 

3.0 

60 

3.5 

66 

3.1 

71 

3.9 

61 

37.3 

24.7 

16. T 
Rf 

53 

1.4 

55 

1.6 

63 

1.8 

69 

2.7 

75 

3.2 

81 

2.7 

83 

2.5 

83 

2.6 

79 

3.5 

70 

2.0 

61 

2.2 

54 

1.8 

69 

28.0 

30.6 
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SUPPLEMENTARY CLIMATIC DATA FOR SELECTED STATIONS ( Continued) 


T, temperature in degrees Fahrenheit; Rf, rainfall in inches 



Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

A ug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 

Range 

17. T 

77 

77 

76 

72 

68 

65 

65 

66 

68 

70 

73 

75 

71 

12.0 

Rf 

4.6 

4.5 

4.6 

3.0 

2.0 

0.7 

0.8 

2.0 

3.7 

4.9 

4.4 

4.5 

39.7 


18. T 

34 

34 

35 

42 

49 

55 

58 

53 

53 

45 

39 

35 

45 

24.3 

Rf 

8.5 

6.4 

5.9 

4.1 

4.5 

3.8 

5.8 

7.5 

8.7 

8.9 

8.3 

8.5 

81.0 


19. T 

62 

60 

58 

53 

50 

46 

46 

46 

48 

52 

55 

59 

53 

16.4 

Rf 

2.4 

3.0 

5.5 

9.4 

15.2 

17.0 

16.1 

13.2 

8.7 

5.2 

5.0 

4.1 

104.8 


20. T 

39 

40 

43 

48 

53 

57 

60 

60 

56 

50 

45 

42 

49 

21.1 

Rf 

4.5 

3.5 

2.5 

1.7 

1.3 

0.9 

0.4 

0.6 

2.0 

2.5 

6.5 

5.9 

32.5 


21. T 

22 

25 

37 

51 

63 

72 

77 

75 

66 

55 

39 

27 

51 

55.0 

Rf: 

0.7 

0.9 

1.3 

2.8 

4.1 

4.7 

4.0 

3.2 

3.0 

2.3 

1.1 

0.9 

29.0 


22. T 

32 

38 

46 

55 

63 

70 

75 

73 

66 

56 

44 

36 

55 

42.0 

Rf 

2.4 

2.3 

2.7 

3.4 

4.1 

3.3 

2.0 

2.2 

3.5 

4.7 

4.3 

3.0 

39.8 


23. T j 

8 

14 

30 

47 

60 

71 

77 

75 

61 

43 

29 

14 

44 

68.4 

Rf i 

0.2 

0.3 

0.7 

1.1 

2.2 

3.4 

5.8 

5.3 

3.3 

1.5 

0.9 

0.2 

24.9 


24. T 

-4 

0 

15 

38 

52 

62 

60 

64 

54 

41 

21 

6 

35 

70.0 

Rf 

0.9 

0.7 

1.2 

1.4 

2.0 

3.1 

3.1 

2.2 

2.2 

1.4 

1.1 

0.9 

20.2 


25. T 

24 

23 

27 

38 

_ 

49 

57 

62 

59 

50 

41 

32 

25 

41 

39.0 

Rf 

1.3 

1.1 

1.2 

1.2 

1.7 

2.0 

2.7 

2.8 

2.0 

2.1 

1.7 

1.6 

21.4 


26. T 

—3 

2 

13 

30 

47 

59 

64 

59 

48 

32 

13 

2 

31 

66.9 

Rf 

1.1 

0.8 

0.8 

0.7 

1.5 

2.7 

3.0 

2.3 

1.4 

2.4 

1.4 

1.9 

20.0 


27. T 

24 

24 

32 

40 

49 

58 

65 

65 

59 

49 

40 

29 

44 

44.7 

Rf 

6.0 

4.7 

5.1 

4.6 

3.8 

3.8 

3.7 

4.6 

4.1 

5.5 

5.9 

5.5 

57.3 


28. T 

8 

9 

18 

30 

41 

53 

60 

56 

46 

34 

22 

12 

33 

52.0 

Rf 

0.9 

0.7 

0.8 

0.7 

1.2 

1.8 

2.4 

2.4 

2.2 

1.6 

1.2 

0.9 

16.8 


29. T 

— 23 

-11 

4 

29 

46 

57 

59 

54 

42 . 

25 

1 

-13 

23 

82.4 

Rf 

0.8 

0.8 

0.5 

0.7 

0.9 

1.3 

1.6 

1.6 

1.7 

1.3 

1.3 

1.1 

13.6 


30. T 

4 

-2 

-2 

8 

23 

35 

42 

40 

32 

22 

11 

6 

18 

44.0 

Rf 

1.4 

1.3 

1.1 

0.9 

0.5 

0.4 

0.6 

0.6 

1.0 

1.2 

1.0 

1.5 

11.8 



Stations for which data are given above: 


1. Georgetown, British Guiana 16. 

2. Colombo, Ceylon 17. 

3. Colon, Canal Zone 18. 

4. Saigon, French Indo-China 19. 

5. Darwin, Australia ?0. 

6. Mandalay, Burma 21. 

7. Addis Ababa, Ethiopia 22. 

8. Baghdad, Iraq 23. 

9. Port Nolloth, Union of South Africa 24. 

10. Monterrey, Mexico 25. 

11. Astrakhan, U.S.S.R. 26. 

12. Adelaide, Australia 27. 

13. Capetown, Union of South Africa 28. 

14. Algers (Algiers), Algeria 29. 

15. Buenos Aires, Argentina 30. 


San Antonio, Texas 
Durban, South Africa 
Bergen, Norway 
Valdivia, Chile 
Victoria, Canada 
Omaha, Nebraska 
Milano (Milan), Italy 
Mukden, Manchuria 
Winnipeg, Canada 
Uppsala, Sweden 
Tomsk, U.S.S.R. (Siberia) 

Halifax, Canada 

Arkhangelsk (Archangel), U.S.S.R. 

Dawson, Canada 

Spitsbergen 








appendix c. Meteorological 

Instruments and the 
Weather Map 


In the study of the atmosphere, it 
is desirable that at least a few weather 
instruments be available for daily 
observation. A complete set of mete¬ 
orological instruments of the best 
kind is very expensive, but a few 
essential ones may be purchased at 
reasonable cost. These should be 
housed in a case built outside a 
window of the laboratory. It should 
have a glass door facing the window, 
and the other three sides should be 
sufficiently open to allow free circu¬ 
lation of the air. At very small cost, 
bulletins describing instrument cases 
and instrument installation may be 
secured from the U. S. Weather 
Bureau. Teachers and interested stu¬ 
dents should secure the list of pub¬ 
lications for sale by the Weather 
Bureau. It is sent free. 

The two most essential instru¬ 
ments needed to forecast the weather 
are the barograph and the wind vane. 

A barograph is cheaper than a mer¬ 
cury barometer. It traces a curve on 
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graph paper showing changes in air 
pressure. One needs simply to glance 
at the curve to note whether the ba¬ 
rometer is rising or falling. Much 
cheaper than a barograph is the an- 



Fig. 442. The wind vane points toward the 
direction from which the wind is blowing. 


eroid barometer, which, if used in 
forecasting, requires that the ob¬ 
server record the reading at least 
every 30 minutes in order to note 
changes in pressure. The wind vane 
is a simple arrow, free to rotate as 
the wind changes direction (Fig. 442). 
It can be made in any workshop. 
Metal vanes are more durable than 
wood. Aluminum paint is recom- 
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mended. The vane should be placed 
on top of some building where it is 
visible from the laboratory. It needs 
to be emphasized that the arrow 



Fig. 443. The thermograph. Clockworks inside 
the cylinder cause it to revolve once a week. 
Expansion and contraction of the sensitive me¬ 
tallic coil A are such that the temperature indi¬ 
cated by the pen point corresponds to the 
reading of a thermometer. 

points toward the direction from 
which the wind is blowing. 

MEASURING TEMPERATURE 

A great many thermometers em¬ 
ploy mercury as an indicating me¬ 
dium. Like most metals, mercury ex¬ 
pands when temperature rises and 
contracts when temperature drops. 
Some thermometers make use of clear 
or colored alcohol, which has the 
advantage of having a much lower 
freezing point than mercury. 

The two temperature scales most 
used are the Fahrenheit and the cen¬ 
tigrade. On the Fahrenheit the freez¬ 
ing point of water is 32° and the 
boiling point 212°; on the centigrade 
.the freezing point is 0° and the 
boiling point is 100°. Thermome¬ 
ters used to record air temperature 


should never be exposed to the direct 
rays of the sun. 

The thermograph is an instrument 
that records air temperature on 
graph paper. This instrument is of 
several designs. One consists of a 
cylinder made to revolve once each 
week by means of clockworks inside 
(Fig. 443). A sheet of graph paper 
is fastened on the outside. A pen 
point that rests on the paper traces 
the temperature curve. 

A maximum thermometer is one 
in which the mercury rises to the 
highest temperature of the day and 
remains there (Fig. 444). This ther- 



Fig. 444. Maximum and minimum thermometers. 
In the maximum thermometer a constriction A 
above the bulb permits the mercury to rise in 
the capillary tube but does not allow it to re¬ 
turn except when the thermometer is given a 
vigorous shaking. The minimum thermometer 
uses clear alcohol and usually is placed at an 
angle of about 20°. The black float B is pulled 
downhill to the lowest temperature of the day 
by two forces: the surface tension of the top of 
the alcohol column and the force of gravity. 

mometer is also used by doctors 
when taking the temperature of the 
human body. 

The minimum thermometer, 
which employs clear alcohol and a 
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tiny black float, records the lowest 
temperature of the day (Fig. 444). 

MEASURING ATMOSPHERIC 
PRESSURE 

A simple mercury barometer is 
made by filling a glass tube about 



Fig. 445. The mercury barometer. At sea level, 
atmospheric pressure (or weight) is sufficient to 
balance the weight of a column of mercury 
about 30 inches high. As elevation above sea 
level increases, atmospheric pressure decreases. 

32 inches long with mercury and in¬ 
verting it so that the open end of the 
tube is below the surface of mercury 
in a dish of some kind (Fig. 445). 
The mercury column at sea level will 
be about 30 inches high and is equiv¬ 
alent to a pressure of about 15 pounds 
per square inch. For several thou¬ 
sand feet above sea level, the column 
decreases about 1 inch in height for 
each 1000-foot increase in elevation. 


As storms come and go, the weight 
or pressure of the atmosphere upon 
the surface of the mercury in the dish 
changes, and this causes the top of 
the column of mercury to rise and 
fall. Over most of the United States 
a falling barometer, accompanied by 
winds from the northeast, east, or 
southeast, indicates the approach of 
unsettled weather. A rising barom¬ 
eter with winds from the southwest, 
west, or northwest usually foretells 
fair weather. An accurate mercury 
barometer is quite expensive. 

An aneroid barometer is made by 
exhausting the air from a thin, circu¬ 
lar, metallic box (Fig. 446). With 
practically no air pressure on the 
inside and 15 pounds (or less) per 



Fig. 446. The aneroid barometer. A cross sec¬ 
tion of the circular metallic vacuum box with 
spring inside is shown. The walls of this box 
move slightly as changes in atmospheric pres¬ 
sure occur. This movement is transferred to an 
indicating arm which in turn moves over a set 
of figures on the face of the dial. The words 
rain, change, and fair cannot be used unless 
the instrument is properly adjusted for the ele¬ 
vation above sea level where it is to be used. 

square inch on the outside, it is evi¬ 
dent that the box would collapse 
were it not for a strong spring inside. 
If one side of the box is made im- 
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movable, the other side will move, 
owing to changes in atmospheric 
pressure. The surface of the metallic 
box is corrugated to increase the area 



will the pointer move toward A or B when alti¬ 
tude increases? Why? It should be remembered 
that changes in atmospheric pressure due to 
the passing of storms may cause considerable 
error in the altimeter reading. This is another 
reason why airplane pilots must be familiar 
with the weather map. 

exposed to the air. The movement 
of the spring causes an indicating 
arm, or pointer, to move over a scale 
of figures corresponding to the read¬ 
ings of a mercury barometer. 

Since air pressure decreases rather 
regularly with increase in altitude, 
the aneroid is used to make altime¬ 
ters (Fig. 447). On the altimeter the 
indicating arm moves over a scale 
marked off in hundreds and thou¬ 
sands of feet above sea level. Good 
aneroids, to be used for noting 
changes in air pressure caused by the 
passing of storms, vary in price. 

The barograph is an instrument 
that records atmospheric pressure on 
graph paper (Fig. 448). As in the case 
of the thermograph, the paper is 


fastened on the outside of the cylin¬ 
der. Clockworks inside the cylinder 
cause it to rotate once a week. The 
pen point that traces the pressure 
curve on the paper is made to move 
up (rising barometer) or down (fall¬ 
ing barometer) by means of a series 
of levers attached to a compound 
aneroid. The several aneroids in tan¬ 
dem provide a more pronounced re¬ 
sponse to changes in atmospheric 
pressure than would be indicated by 
a single aneroid of the same size. 
This instrument clearly shows the 
changes that are taking place in air 
pressure, and these changes often in¬ 
dicate the nature of weather to be 
expected. 



Fig. 448. The barograph. To the right of the 
revolving cylinder is a compound aneroid 
(seven aneroids in tandem). When pressure in¬ 
creases, the compound aneroid is compressed, 
point A moves down, and point fi moves up. 
Since B is connected to the pointer, the pen 
point moves up to record higher pressure. 
When pressure decreases, each of the seven 
aneroid springs opens slightly, causing point A 
to move up and B down. The levers are ad¬ 
justed so that the pressure recorded by the pen 
will correspond with the reading of a mercury 
barometer. 

WIND VELOCITY 

Wind velocity may be gaged to 
some extent by several methods. If 
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the leaves on a tree are perfectly 
quiet, a calm prevails. A strong wind 
will cause tree branches to move 
noticeably. Winds of gale or hurri¬ 
cane velocity usually do considerable 
damage. If a small airplane propeller 
is fastened to the pointed end of the 
wind vane, some idea of wind veloc¬ 
ity may be obtained by observing the 
speed at which the propeller turns. 

Weather Bureaus and aviation 
companies ascertain accurate wind 
velocities by means of the anemome¬ 
ter (Fig. 449). This instrument con¬ 
sists of three (sometimes four) revolv¬ 
ing cups. The stronger the wind the 
faster the cups will rotate. This rota¬ 
tion operates a complex set of gears 
which in turn indicates the wind 
velocity in miles per hour. As might 
be expected, an anemometer is an 
expensive instrument. Mechanically 
inclined students can build a home¬ 
made anemometer of rough design. 
Three or four aluminum cups can 
be fastened to an upright arm piv¬ 
oted at each end so that it tuTns 
easily. An electric switch can be ar¬ 
ranged at the bottom of the arm so 
that each time the cups rotate once, 
an electric circuit is closed. This will 
cause a small light in the laboratory 
to flash. By counting the flashes per 
minute, some idea of wind velocity 
is obtained. 

The Beaufort scale of wind ve¬ 
locities was devised by Admiral Sir 
Francis Beaufort of the British Navy 
in 1805. Ijt is a useful method of esti¬ 
mating wind velocities, and is given 
in Chapter 3. 


INFLUENCE OF WINDS 
ON AIRCRAFT 

To the airplane pilot, wind ve¬ 
locity and wind direction are the 
most important weather elements. It 
should be remembered that 



Fig. 449. The anemometer (three-cup), which 
measures the velocity of the wind in miles per 
hour. Some anemometers make use of many 
cups arranged to form an air turbine. 

1) If the air speed of an aircraft is 
100 miles per hour and there is a 
favorable tail wind of 50 miles per 
hour, the resulting ground speed will 
be 150 miles per hour. 

2) If the air speed is 100 miles per 
hour and there is an unfavorable 
head wind of 50 miles per hour, the 
resulting ground speed will be re¬ 
duced to 50 miles per hour. 

3) If a side wind is blowing from 
the right, the nose of the aircraft 
must be turned to the right. 

4) If a side wind is from the left, 
the nose of the aircraft must be 
turned to the left. 
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MEASURING HUMIDITY 


Instruments used to determine the 
relative humidity of the air are called 
hygrometers. Three types will be 
mentioned here: (1) the wet- and dry- 
bulb hygrometer, (2) the hair hy¬ 
grometer, (3) the hygrograph. 




Several sfrancis 

of human hair 
\ 

4 



Fig. 450. Hair hygrometer (much simplified). 
As relative humidity increases, the length of the 
human hair increases, causing an indicating 
arm to move over a scale of figures reading 
from 0 to 100 percent. 


The wet- and dry-bulb hygrometer 
provides the easiest and most accu¬ 
rate method of determining relative 
humidity. One good thermometer is 
all that is necessary. First, the tem¬ 
perature of the air as shown by the 
thermometer is noted. Next, a piece 
of fine, loosely woven muslin is tied 
around the bulb and moistened. 
Then the instrument is fanned vig¬ 
orously. Evaporation of water from 


the cloth will cause the temperature 
to drop. The drier the air (low rela¬ 
tive humidity) the lower the ther¬ 
mometer will read. Subtract the two 
temperatures to get the difference 
between the wet- and dry-bulb read¬ 
ings. Now refer to the chart that ac¬ 
companies the exercise on humidity 
in the laboratory manual. Using the 
figures already obtained and follow¬ 
ing the simple instructions that ac¬ 
company the chart, the relative hu¬ 
midity can be determined. 

Once the relative humidity is 
known, it is an easy matter to deter¬ 
mine the absolute humidity and the 
dew point. Studies are being made 
of temperature and dew-point data 
in an effort to ascertain those condi¬ 
tions of the atmosphere which are 
most likely to cause icing of air¬ 
planes. 

The sling psychrometer consists of 
a metal strip to which two thermome¬ 
ters are securely fastened. One ther¬ 
mometer bulb is covered with a cloth 
which can be moistened when mak¬ 
ing a test. The upper end of the 
metal strip is fastened to a handle in 
such a way that the two thermome¬ 
ters can be whirled around at a rapid 
rate. The rotary motion is con¬ 
tinued until the wet-bulb tempera¬ 
ture ceases to drop. Then the two 
thermometers are read, and refer¬ 
ence is made to the relative humid¬ 
ity chart as explained for the wet- 
and dry-bulb hygrometer. Official 
Weather Bureau tests for humidity 
are made by the whirling wet- and 
dry-bulb method, or by using an 
electric fan (Chapter 4). 
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The hair hygrometer is less accu¬ 
rate than the wet- and dry-bulb 
method. Human hair, from which 
the oil has been removed by using 
ether, becomes longer as the rela¬ 
tive humidity of the air increases. 
This change can be made to move 
an indicating needle which moves 
over a scale, the graduations of which 
read from 0 to 100 percent (Fig. 
450). Exposure to the air causes the 
hair to become dirty and perhaps 
greasy, thus decreasing the accuracy 
of the instrument. The hair must be 
cleaned occasionally with ether or 
other suitable solvent. 

The hygro graph, which is a form 
of hair hygrometer, is an instrument 
that records relative humidity on 
graph paper. As with the thermo¬ 
graph and barograph, a sheet of 
graph paper is fastened on the out¬ 
side of a cylinder which rotates once 
each week. The pen point that traces 
the relative humidity curve on the 
graph paper is made to move up and 
down by an arrangement of levers 
fastened to several strands of human 
hair. 

Some self-recording instruments 
are extremely sensitive to quick 
changes in meteorological conditions. 
Let us suppose that a warm, moist 
south wind is blowing and that there 
is an instantaneous change to a cold 
northwest wind. The thermograph 
curve may drop vertically 15° or 20°; 
the barograph curve will show a 
sharp increase in pressure; and the 
hygrograph reading may drop 30 per¬ 
cent or mote. 


MEASURING PRECIPITATION 

Precipitation may fall in the form 
of rain, snow, sleet, or hail. In case it 
falls in the solid form, it is melted, 
and the water is measured in a stand¬ 
ard rain gage. Ordinarily, 8 to 12 
inches of snow will equal 1 inch of 
rain. The rain gage consists of a 
galvanized-iron cylinder 8 inches 
(sometimes 12) in diameter and about 
a foot deep. The bottom of the cylin¬ 
der is funnel shaped with a small 
opening to allow the water to be 
drawn off. In order to measure small 
amounts of rain, the water from the 
large cylinder runs into a smaller 
cylinder (Fig. 451). Thus water that 
is 1 inch deep in the large cylinder 
is “stretched out” in the small cylin¬ 
der to a length sufficient for gradua¬ 
tions of %oo inch to be shown. 

Depth of snow may be measured 
by an ordinary yardstick on level 
ground where no drifting has oc¬ 
curred. A snow gage may be con¬ 
structed of an upright galvanized cyl¬ 
inder, about 6 inches in diameter 
and 3 feet deep. All rain and snow 
gages must be so exposed that build¬ 
ings and trees do not interfere with 
the fall of precipitation. 

Electric devices for recording rain¬ 
fall may be observed at most Weather 
Bureaus. A sheet of graph paper is 
placed on the outside of a cylinder 
which rotates once every 12 hours 
(instead of once a week, as with the 
thermograph, barograph, and hygro¬ 
graph). The more rapid rotation is 
necessary in order to record ex¬ 
tremely heavy rains. A pen point 
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resting on the graph paper records 
each ^oo inch of rain at the time it 
falls. 



Fig. 451. Rain gage. Water 1 inch deep in 
the large funnel is "stretched out" in the grad¬ 
uated cylinder so that Moo inch of rain can be 
measured. 

OTHER WEATHER DATA 

The cloud ceiling is the altitude 
of the bottom of a cloud layer. Low 
ceilings, characteristic especially of 
stratus clouds, constitute one of the 
greatest hazards in aviation. The 
height of the ceiling is ascertained 
by releasing a rubber balloon about 
2% feet in diameter filled with a def¬ 
inite amount of helium. Its ascent 
is watched carefully through a tele¬ 
scopic instrument called a theodo¬ 


lite . The balloon rises about 600 feet 
per minute. If it disappears in the 
clouds in 3 minutes, it is evident that 
the ceiling is about 1800 feet. On 
clear days the balloon may be ob¬ 
served for a considerable length of 
time. Its path enables the meteorolo¬ 
gist to determine the direction and 
velocity of winds aloft. 

Upper-air data are obtained by 
meteorographs carried aloft by air¬ 
planes. The meteorograph records 
temperature, pressure, and relative 
humidity during the entire flight. 
The radiosonde (Chapter 5) is now 
sent aloft daily at many weather sta¬ 
tions scattered throughout the world. 
When the instrument is aloft, it 
automatically broadcasts upper-air 
weather data to a specially designed 
radio receiving set on the ground. 
The total weight of a radiosonde is 
about 2 pounds. 

WEATHER MAPS 

Twice daily, at 7:30 a.m. and 7:30 
p.m., Eastern Standard time, weather 
observers at about 250 stations scat¬ 
tered over North America make 
careful weather observations. These 
observations (temperature, pressure, 
precipitation, wind direction and ve¬ 
locity, etc.) are reported by tele¬ 
graphic code to the U. S. Weather 
Bureau at Washington, D. G., and to 
regular government weather stations 
throughout the country. Code is 
used, because it increases brevity of 
reports, saves time, and is economi¬ 
cal. It is not used for secrecy. At 
Washington, at district forecast cen- 
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ters, and at local centers, trained 
men decode the messages and trans¬ 
fer the information to a skeleton 
map of North America (or the 
United States). The result is a pic¬ 
ture of weather conditions known as 
the daily weather map . Abbreviated 
and simplified weather maps are 
published in many daily newspapers. 

At the more important weather 
stations, especially those located on 
transcontinental airlines, additional 
weather maps are made at 1:30 a.m. 
and 1:30 j\m., Eastern Standard 
time. Along the major transconti¬ 
nental airlines, weather data are be¬ 
ing transmitted and received by tele¬ 
type machines at all hours of the day 
and night. This service makes it pos¬ 
sible to inform aviators of the sud¬ 
den changes that often take place in 
the atmosphere. Such information 
has to do especially with the location 
of storm centers and fog, the height 
of the cloud ceiling, wind direction 
and velocity, and the degree of visi¬ 
bility at various landing fields along 
the route. 

The weather map is of value in 
several ways but especially (1) in 
showing actual weather conditions 
over the country at the time of ob¬ 


servation and (2) in providing the 
necessary data for making weather 
forecasts for the next day. Since 
weather information is valuable in 
many lines of work, and since the 
maps are published in many news¬ 
papers, a description of the essential 
features of the weather map will now 
be considered. 

On the large skeleton map used 
in regular Weather Bureau offices, 
the location of the 250 or more 
weather stations is indicated by open 
circles. It is customary for one man 
to decipher the code messages; as he 
recites the name of a station and its 
weather data, another man writes the 
figures on the skeleton map at the 
correct place. When this is com¬ 
pleted for all stations reporting, iso¬ 
bars and isotherms are drawn. An 
isobar is a solid line that passes 
through places of equal atmospheric 
pressure. (All pressure readings are 
reduced to sea level before they are 
telegraphed from one station to an¬ 
other.) An isotherm (dotted line) 
passes through places of equal tem¬ 
perature. Maps printed in newspa¬ 
pers usually show only the isobars, 
temperatures being indicated by fig¬ 
ures at a number of cities. 


EXPLANATION OF WEATHER MAP SYMBOLS 
Total Amount of All Clouds 

Proportion of Sky Covered, in Tenths 
O Absolutely no clouds in sky O Nine-tenths 

CD One-tenth 0 Sky completely covered with 

0 Two- or three-tenths clouds 

9 Four-, five-, or six-tenths 
O Seven- or eight-tenths 


<8> Sky obscured by fog, duststorm, 
or other phenomena 



530 


N-i i 
NNE-7 <£ 
NE-8 gT 
ENE-12 dr^ 


THE EARTH AND ITS RESOURCES 


Wind Direction and Velocity 


E-13 
ESE-18 
SE-19 e 
SSE-24 q 


S-25 J 
SSW-31 J3 
SW-32 

WSW-38 ^ 


W-39-46 

WNW-47-54 

NW-55-63 

NNW-76+ 


Abbreviated Description of Sky and Special Phenomena 


— Low fog, whether on ground or 
at sea 

00 Haze (but visibility greater 
than 2200 yd) 

£ Dust devils seen 
^ Distant lightning 
== Light fog (visibility between 
1100 and 2200 yd) 

(=) Fog at a distance, but not at 
station (or ship) 

Precipitation within sight 

(R) Thunder, without precipitation 
at station (or ship) 


(-fr) Duststorm within sight, but not 
at station (or ship) 

V Ugly, threatening sky 

A Squally weather 

A Heavy squalls | 

[in last 3 hr 

)( Waterspouts seen] 

0 Visibility reduced by smoke or 
volcanic ashes 

$- Duststorm (visibility greater 
than 1100 yd) 

§ Signs of tropical storm (hurri¬ 
cane) 



’] 

•] 

*] 

*] 


Precipitation in Last Hour but Not at Time of Observation 


Precipitation (rain, drizzle, hail, 
snow, or sleet) 

Drizzle 

Rain other than showers 
Snow 

Rain and snow mixed 


v] Rain shower(s) 
v] Snow shower(s) 
v] Hail or rain and hail shower(s) 
R] Slight thunderstorm 
R] Heavy thunderstorm 


Duststorm* and Storms of Drifting Snow 


Visibility Less Than 1000 Meters, 1100 Yards 


© Duststorm or sandstorm 

-SH Duststorm or sandstorm has 
decreased 

■fr Duststorm or sandstorm, no 
appreciable change 

Hr Duststorm or sandstorm has 
increased 

■55* Line of duststorms 


© 

-h 

4 - 


Storm of drifting snow 


Slight storm of drifting 
snow 

Heavy storm of drifting 
snow 


gener¬ 

ally 

low 


Slight storm of drifting 
snow 

Heavy storm of drifting 
snow 


gener¬ 

ally 

high 


& 
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Characteristic of Barometric Tendency during 3-Hour Period Ending at Time 

of Observation 


Rising, then falling 

/“ Rising, then steady; or 
rising, then rising 
more slowly 
S' Unsteady 
/ Steady or rising 

y Falling or steady, then 
rising; or rising, then 
rising more quickly 


barom¬ 
eter 
now 
higher 
than 
or the 
same 
as 3 
hr ago 


V Falling, then rising 


V 

X 

\ 


Falling, then steady; 
or falling, then fall¬ 
ing more slowly 
Unsteady 
Falling 

Steady or rising, then 
falling; or falling, 
then falling more 
quickly 


barom¬ 
eter 
now 
lower 
than 
3 hr 
ago 


« 

Form of Low Cloud 


No lower clouds (no symbol) 

<o> Cumulus of fine weather 

A Cumulus heavy and swelling, 
without anvil top 

S Cumulonimbus 

O Stratocumulus formed by the 
flattening of cumulus clouds 

v Layer of stratus or stratocumu¬ 
lus 


— Low broken-up clouds of bad 
weather 

X Cumulus of fine weather and 
stratocumulus 

^ Heavy or swelling cumulus, or 
cumulonimbus, and strato¬ 
cumulus 

S Heavy or swelling cumulus (or 
cumulonimbus) and low rag¬ 
ged clouds of bad weather 


Form of Middle Cloud 


No middle clouds (no symbol) 
Typical altostratus, thin 
Typical altostratus, thick (or 
nimbostratus) 

^ Altocumulus, or high strato¬ 
cumulus, sheet at one level 
only 

<f Altocumulus in small isolated 
patches; individual clouds 
often show signs of evapora¬ 
tion and are more or less 
lenticular in shape 
Altocumulus arranged in more 
or less parallel bands or an 
ordered layer advancing over 
sky 


A Altocumulus formed by a 
spreading out of the tops of 
cumulus 

Altocumulus associated with 
altostratus or altostratus with 
partially altocumulus char¬ 
acter 

M Altocumulus castellatus, or 
scattered cumuliform tufts 

g Altocumulus in several sheets 
at different levels, generally 
associated with thick fibrous 
veils of cloud and a chaotic 
appearance of the sky 
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Form of High Cloud (Cirrus Cloud) 


No upper clouds (no high 
clouds; no symbol) 

Cirrus, delicate, not increasing, 
scattered and isolated masses 
Cirrus, delicate, not increasing, 
abundant, but not forming a 
continuous layer 

—» Cirrus of anvil clouds, usually 
dense 

^ Cirrus, increasing, generally in 
the form of hooks ending in 
a point or in a small tuft 

2— Cirrus (often in polar bands) or 
cirrostratus advancing over 
the sky but not more than 
45° above the horizon 


Cirrus (often in polar bands) or 
cirrostratus advancing over 
the sky and more than 45° 
above the horizon. 

2-* Veil of cirrostratus covering the 
whole sky 

— Jc Cirrostratus not increasing and 
not covering the whole sky 
Cirrocumulus predominating, 
associated with a small quan¬ 
tity of cirrus 


Ci = Cirrus 
Cc = Cirrocumulus 
Cs = Cirrostratus 
Ac = Altocumulus 
Sc = Stratocumulus 
St = Stratus 
Ns — Nimbostratus 


Cloud Forms, Abbreviations 

Cu = Cumulus 
Cb = Cumulonimbus 
Fs = Kractostratus 
Fc — Fractocumulus 
Acc = Altocumulus castellatus 
Cm = Cumulonimbus mammatus 
(M a m m a toe u m ul us) 


Fog 


Visibility Less Than 1000 Meters, 1100 Yards 


(§) Fog 


= Fog, sky discernible 


=] Moderate fog in last 
hour 

■c] Thick fog in last 
hour 


but not at 
time of 
observa¬ 
tion 


EE| Fog, sky discernible 

EE | Fog, sky not dis¬ 
cernible 


has be¬ 
come 
thinner 
during 
last hour 


= Fog, sky not dis¬ 
cernible 

l== Fog, sky discernible 

|= Fog, sky not dis¬ 
cernible 

zrz Fog in patches 


no appre¬ 
ciable 
change 
during 
last hour 

has begun 
or become 
thicker 
during 
last hour 



APPENDIX C 


533 


Drizzle 

Precipitation Consisting of Numerous Minute Drops 

0 Drizzle { Intermittent] 

_ . thick drizzle 




Intermittent] ... , . . 

. slight drizzle 

Continuous J 

Intermittent) . . . , 

. #' moderate drizzle 


$ 

9 

9 

* 


»% Continuous 


Continuous 
Drizzle and fog 

Slight or moderate| drizzle and 
Thick } rain 


© 


Rain 

Intermittent] 
Continuous J 
Intermittent] 
Continuous 1 


slight rain 
moderate rain 


Rain 


Intermittent). 
n . heavy 

I AntinnAiir I ¥ 


A Continuous 
= Rain and fog 


rain 


Slight or moderate 
Heavy 


rain and 
snow, 
mixed 


0 Snow (or snow and rain, mixed) 
* Intermittent)slight snow in 
** Continuous J flakes 
l Intermittent] moderate snow in 
** Continuous I flakes 


Snow 

| Intermittent] heavy snow in 
A Continuous I ^ a ^ es 
= Snow and fog 
£* Grains of snow (frozen drizzle) 
^ Ice crystals; or frozen raindrops 
(Sleet, U. S. definition) 


Shower(s) 


Shower(s) 

y Shower(s) of slight 
moderate 

V Shower(s) of heavy 
y Shower(s) of slight 
moderate 

$ Shower(s) of heavy 


or 


rain 


or 


snow 


* 

! 

$ 

♦ 

♦ 


Shower(s) of slight or 
moderate 

Shower(s) of heavy 


rain and 
snow 


Shower(s) of snow pellets (soft 
hail) 


Shower(s) of slight or 
moderate 

Shower(s) of heavy 


hail, or 
rain 

and hail 
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Thunderstorm 


© 

R> 


H 


k 


Thunderstorm 
Rain at time 
Snow, or rain 
and snow 
mixed, at 
time 

Thunderstorm, slight] 
without hail, but 
with rain (or snow) 
Thunderstorm slight 
with hail 


thunderstorm 
during last hour 
but not at time 
of observation 


at time 
of ob¬ 
serva¬ 
tion 


H 


A 

u 

H 

ft 


n 


Thunderstorm moder¬ 
ate without hail, but 
with rain (or snow) 
Thunderstorm moder- 
with hail 

Thunderstorm heavy 
without hail, but 
with rain (or snow) 
Thunderstorm com¬ 
bined with dust- 
storm 

Thunderstorm heavy 
with hail 


at 

time 
of ob¬ 
serva¬ 
tion 


HOURLY TELETYPE SEQUENCES 

0735E 

WA X 4® ®11/4L-F-135/49/48 j \4/992/PCPN 1NTMT 

BO X 01/8R-FF 135/47/47\5/993/203 

WAB 01/8R-FF 142/45/45-*—^ 3/994/400 

KM X 3® 1/2L-F 135/43/42—,/7/992/L- INTMT 

TN 201/2R-F 135/41/41—✓ 11/991/705 50011 

NK N 5©1R-F- 139/41/40,/9/993 

XA 702F- 146/41/39—7/994/602 

PL 00L-FF 139/35/35M9/988/PCPN VRBL/400 

SV SPL 8 ® 3L-F- M/43/42 \ 5 

WK SPL 00R-FF 112/39/39 | \ 14/983/400 

BF E3®2R-F-098/46/44| \ 2/980/400 

KY SPL E4©4R-F-088/48/47 f M4/977 

GN F.2 © 1 /2R-F 49/49 \ 11 /503 

BR SPL 4©3R-F-58/561 MS,/ 702 

MC E15© ©5RW-H 031/60/58 | 18/961 

WE 12© ®5F-62/58,*21/ 400 

CV C El 2© RW-014/i62/57 z 1 23/956 

VK E12©6H 48/45—27+/ 420 

TL N 7V©6K-041/45/42—\20/963/ 425 60036 

YV 7V© (D4F-40/38—\ 12/ 324 

FW N SPL 5©4F- 078/37/36—20/973 

GO 6©3F-085/36/36—\ 14/975/319 

SN N E5V©4L-088/36/34 j \ 15/976/320 

ML 9©7 35/35 | \ 17/216 

CG N 8©(D>7 132/35/32\ 15/989 
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0835E 

WA N 7©4F- 125/52/48 | \6/990/TOVC 11HND - ©/ABV 

BO X 3 ® 1 /2R-F 135/49/49 \ 6/993 

WAB SPL 01/8FF 139/46/46—Z4/993 

KM X 301/2R-F 139/43/43 J / 5/993 

TN 201/4F+ 142/42/42/9/994 

NK X 303/4L-F- 142/41/40 j / 9/994/1/2N AND NE 

XA SPL 603/4F- 142/42/40—6/993 

PL 00L-FF 132/36/36 \18/987 

SV 8 © ®4F- M/44/42 T 4/M/OCNL L- 

BF E7 © 2R-F-095/46/44—>9/979 

KY SPL 4© ® 5F- 085/49/47/ 1 \ 19/976 

GN E2ffil/2R-F 51/51 \13 

BR E5©4L-60/58t 17 

MC SPL E7© ®>5RW-H 037/61/58/18/963/20© 

WE SPL E12©7 63/58/11 

CV • N 7 ©2L-F-041/53/51—24/963 

VK 7© 7 44/42—/20 + 

TL C SPL 8V©6K- 054/43/39—\21/967 

YV E7©®8 40/38—16 

FW N SPL 7©7 088/37/36—\20/976/© RGD 

GO 7©7 095/36/35\ 15/978 

SN C 8©8 105/36/34 | \ 16/981/OCNL L- 



EXPLANATION OF SYMBOLS USED IN 


(From Circular N, 


Station 


Lists of station 
names and their 
representative 
call letters are 
posted on 
Weather Bureau 
airport station 
bulletin boards 
for the informa¬ 
tion of all con¬ 
cerned 


Classification 
of report 


The symbols C, 
N, or X are used 
immediately fol¬ 
lowing, after one 
space, the sta¬ 
tion letters to 
classify weather 
conditions at 
airports 8j>ecifi- 
cally designated 
as controlled air¬ 
ports 

If no classification 
letter is used, the 
station is not 
located at a con¬ 
trolled airport 

C: satisfactory for 
contact flight 

N: requiring ob¬ 
servance of in¬ 
strument-flight 
rules 

X: take-off and 
landing sus¬ 
pended 


Type of report 


SPL meaning 
“special report," 
appears when 
crucial changes 
have occurred in 
weather condi¬ 
tions since the 
last report 

The absence of 
the observation- 
type letter group 
SPL indicates an 
observation 
where no crucial 
changes have oc¬ 
curred since the 
last transmitted 
observation 

LCL meaning 
“local extra ol> 
servatiou,” ap¬ 
pears only on re¬ 
ports sent over 
local circuits. 
Such reports are 
made every 15 
minutes during 
periods of low 
ceiling and/or 
visibility 


Time of report 


Time groups are 
in figures based 
on the 24-hr 
clock with fol¬ 
lowing letters 
showing the 
standard of time 
used, e.g., 1440 E 
means 2:40 p.m., 
Eastern Stand¬ 
ard Time; 0030C 
means 12:30 
a.m., Central 
Standard Time; 
2359M means 
11:59 p. m., 
Mountain 
Standard Time; 
2015P means 
8:15 p.m., Pa¬ 
cific Standard 
Time, etc. 

SPL reports that 
are sent alone, 
and all LCL re¬ 
ports bear the 
time of olwcrva- 
tion immediately 
following, after 
one space, the 
observation-type 
letter group SPL 
or LCL 

SPL reports ap¬ 
pearing in se¬ 
quences do not 
show the time- 
of-report group 
and the time of 
observation is 
considered as the 
time of all other 
reports in the 
sequence as in¬ 
dicated in the se¬ 
quence heading 


Ceiling 


The absence of a “ceil¬ 
ing” group indicates 
an "unlimited" ceiling 
(above 9750 ft) 

Figures representing the 
number of hundreds of 
feet that apply are 
used to indicate the 
height of the ceiling 
between 51 and 9750 fi 
above the station, e.g., 
35 indicates 3500 ft, 
3 indicates 300 ft, etc. 

The figure naught (0) 
is used when the ceil¬ 
ing is zero (below 51 
ft) 

When the height is esti¬ 
mated the letter E 
precedes the ceiling 
figures 

A plus sign (-f) is used 
preceding the ceiling 
figures to indicate the 
ceiling balloon was 
blown from sight at 
the height represented 
by the figures and be¬ 
fore reaching the 
clouds 

The letter V is used, 
immediately following 
the figures for ceiling, 
if the height of the 
coiling is changeable 
and below 2000 ft 


Sky 


The absence of a symbol for 
sky indicates that precipita¬ 
tion or obstructions to vision 
ar-> present and reduce the 
ceiling to zero und/or the 
visibility to x ,i mile or less 
and make the sky unol>- 
scrvable 

The sky condition is indicated 
by the following symbols un¬ 
less the condition given 
above is present: 

O Clear 

(1) Scattered clouds 
0 Broken clouds 
© Overcast 
(D / High scattered 
0/ High broken 
0/ High overcast 
©0 Overcast, lower broken 
0® Overcast, lower scat¬ 
tered 

00 Broken, lower broken 
0® Broken, lower scat¬ 
tered 

®0 Scattered, lower broken 
®® Scattered, lower scat¬ 
tered 

0/0 High overcast, lower 
broken 

®/® High overcast, lower 
scattered 

0/0 High broken, lower 
broken 

0/® High broken, lower 
scattered 

®/0 High scattered, lower 
broken 

®/® High scattered, lower 
scattered 

The plus (-f) or minuB (—) 
sign preceding the cloudiness 
symbol indicates "dark” 
and "thin,” respectively. 

Height of lower scattered 
clouds is indicated by the 
entry of a figure represent¬ 
ing the hundreds of feet 
applying, immediately pre¬ 
ceding the scattered-cloud 
symlwl 


Visibility 


The absence of a 
figure for visi¬ 
bility indicates 
that the visibil¬ 
ity is 10 miles 
or more 

The value of the 
visibility below 
10 miles is indi¬ 
cated by figures 
representing the 
numlicr of miles 
and/or fractious 
of miles 

The letter V is 
used immedi¬ 
ately following 
the figure for 
visibility if the 
visibility is fluc¬ 
tuating rapidly 
and is 2 miles or 


Example: CV C E120RW-O14/62/57/23/956 

%ht 8howere; 1001 - 4 "»-* • «1i »- 
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TELETYPE SEQUENCE WEATHER REPORTS 

U. S. Weather Bureau) 


Weather 


Obstructions Barometric 

to vision pressure 


The “weather” ele¬ 
ment of the report 
iB indicated, when 
appropriate, by the 
following 8yml)ok 
R— Light rain 
R Moderate rain 
R+ Heavy rain 
S— Light wuy* 

S Moderate 

SHOW 

S+ Heavy snow 
ZR— Light freezing 
rain 

ZR Moderate 
freezing rain 
ZR+ Heavy freez¬ 
ing rain 

L— Light drizzle 
L Moderate 
drizzle 

L-f Heavy drizzle 
ZL— Light freezing 
drizzle 

ZL Moderate 
freezing 
drizzle 

ZL-f- Heavy freez¬ 
ing drizzle 
E— Light sleet 
E Moderate sleet 
E+ Heavy sleet 
A— Light hail 
A Moderate hail 
A-f Heavy hail 
AP— Light small 
hail 

AP Moderate 
small hail 

AP+ Heavy small 
hail 

OP— Light snow 
pellets 

OP Moderate 
snow pellets 
OP 4- Heavy snow 
pellets 

SQ— Mild snow 
squall 

SQ Moderate 
snow squall 
SQ4- Severe snow 
squall 

RQ— Mild rain 
Bouall 

RQ Moderate rain 
squall 

RQ+ Severe rain 
sauall 

T— Mila thunder¬ 
storm 

T Moderate 
thunder¬ 
storm 

T-t- Severe thun¬ 
derstorm 

SW— Light snow 
showers 

SW Moderate 
snow show¬ 
ers 

SW+ Heavy snow 
showers 

RW- Light rain 


The “oljstructions to 
vision” element of the 
report iB indicated, 
when appropriate, by 
the following symbols: 


F— 

- Damp haze 

F— 

Light fog 

F 

V&o&erow log 


TMctfa 

FF 

Dense fog 

GF- 

Light ground 
fog 

Moderate 
ground fog 

GF 

GF+ 

Thick ground 
fog 

Dense ground 
fog 

OFF 

IF- 

Light ice fog 

IF 

Moderate ice 
fog 

Thick ice fog 

IF+ 

IFF 

Dense ice fog 

H 

Hazy 

K— 

Light smoke 

K 

Moderate 

smoke 

K+ 

Thick smoke 

D- 

Light dust. 

D 

Moderate dust 

D+ 

Thick dust 

RS- 

Light blowing 
snow 

BS 

Moderate 

blowing 

snow 

BS+ 

Thick blow¬ 
ing snow 

GS- 

Light drifting 
snow 

GS 

Moderate 

drifting 

snow 

GS+ 

Thick drifting 
snow 

BD- 

Light blowing 
dust 

BD 

M oderate 
blowing 
dust 

BD+ 

Thick blowing 
dust 

Light blowing 
sand 

Moderate 

blowing 

sand 

BN- 

BN 

BN+ 

Thick blowing 
sand 


The baro¬ 
metric pres¬ 
sure is indi¬ 
cated by a 
group of 
three fig¬ 
ures; tens, 

I units, OH& i 
' +t> 

millibars in- 
v o 1 v c d . 
Thus.apres- 
b u r e of 
1015.2 milli¬ 
bars would 
be written 
as 152; 099.9 
as 9 9 9; 
1025.7 as 
257; etc. 
Sent only 
by station 
equipped 
with mercu¬ 
rial barom¬ 
eters 


RW Moderate rain 
showers 

RW+ Heavy rain 
showers 

TORNADO (always 
written out in full) 


Temperature 


Dew point 


Wind 


Altimeter 

setting 


Remarks 


Temperature 
is indicated 
by figures 
giving its 
value to the 
nearest de¬ 
gree Fahren- 


Dew point is 
indicated by 
figures giving 
its value to 
the nearest 
degree Fahr¬ 
enheit 


Values fie fit it 
0°F are indi¬ 
cated by the 
entry of a 
minus sign 
(—) immedi¬ 
ately preced¬ 
ing the fig¬ 
ures for tem- 
p e r a t u r e. 
Zero is en¬ 
tered ub 0 


Yaiueis 

nrawuid* 

cated by the 
entry of a 
minus sign 
{—) immedi¬ 
ately preced¬ 
ing the fig¬ 
ures for dew 
point 


The wind direction is 
indicated by arrows, 
as follows; 

| North 

J. / North-northeast 
/ Northeast 
*-/ East-northeast 
*- East 

«-\ East-southeast 
\ V Southeast 

' r \ jM-mutaut 

t South 

j / South-southwest 
/ Southwest 
-*/ West-southwest 
—» West 

—*\ West-northwest 
\ Northwest 
| \ North-northwest 

The velocity is indicated 
by figures representing 
its value in miles per 
hour, calm being indi¬ 
cated by the letter (\ 
If estimated, this is 
indicated by the entry 
of the letter E imme¬ 
diately following the 
velocity figures 

The character of the 
wind is indicated, when 
appropriate, by entry, 

[ immediately following 
the velocity, of a minus 
sign (—) for “fresh 
gusts” and a plus sign 
(+) for “strong gusts.” 
No indication of char¬ 
acter means the wind 
is steady 


Indicated by 
a group of 
three figures 
representing 
the inch and 
hundredths 
of an inch of 
pressure in¬ 
volved. Thus, 
30.00 would 
be written 
m 000; 29.98 
as 98ft ei 
Sent only by i 
designated 
stations! 
equipped j 
with mcr-i 
curial barom¬ 
eters j 


Remarks arc 
transmitted 
in authorized 
English ab¬ 
breviations 
and teletype 
symbols. 
Lwts of the 
abbreviations 
are available 
for inspection 
at all Weather 
Bureau air¬ 
port stations. 
The teletype 
symbols used 
are shown on 
this chart 


Special data 


Special data comprising pres¬ 
sure change and characteris¬ 
tic, 5000-ft pressure at selected 
stations, cloud, thunderstorm, 
and snow depth data. Great 
Lakes water temperature, 
etc., data from selected sta¬ 
tions, etc., are entered in code 
at certain times by the sta¬ 
tions designated to do this, as 
separate groups, immediately 
following the report projier. 
These data are intended pri¬ 
marily for the preparation of 
maps for forecasting 


Missing data 


Wind shifts that have 
occurred at the report¬ 
ing station are indi¬ 
cated, immediately fol¬ 
lowing the other wind 
data, by an arrow, 
showing the direction 
(to eight points only) 
from which the wind 
was blowing prior to 
the shift, followed by 
the local time, on the 
24-hr clock, at which 
the shift occurred, with 
following letter show¬ 
ing the standard of 
time used. The inten¬ 
sity of the shift is indi¬ 
cated by the minus 
sign (—) for "mild,” 
the absence of a sign 
for "moderate,” and 
the plus sign (+) for 
“severe,” the signs 
tieing entered imme¬ 
diately following the 
standard-of-time letter 


Elements normally stmt, but for 
some reason missing from the 
transmission, will lie indicated 
by the letter M, entered in the 
report in place of the missing 
data 
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Interpretation of Maps 


Maps are graphic representations of 
the surface of the earth. They are 
used in many fields of learning but 
especially in earth sciences. For the 
student of geography the map is an 
essential tool, a means of recording 
facts, and also a manner of expres¬ 
sion. Maps are almost infinite in 
number, size, form, and meaning, 
and they constitute almost a language 
in themselves. Some indeed are works 
of art and demand a high degree of 
skill in design, construction, and col¬ 
oring. A person highly trained in the 
art of map-making is called a cartog¬ 
rapher. 

When studying a good map, three 
essential features should be noted: 
(1) the scale of the map, (2) the map 
projection, and (3) the types of things 
represented on the map and the 
meanings of the various kinds of 
symbols or devices used to show 
them. 

The scale of the map may be indi¬ 
cated in one or more ways: 

1) By a line graph. Example: 

Mi! 

0 12 3 4 

2) By a statement of the propor¬ 
tion used. Example: 

1 inch = 50 miles 


3) By a representative fraction. 
Example: 

—1—, or 1:63,360 
63,360 

which means that 1 inch on the map 
equals 63,360 inches on the earth’s 
surface. Since there are 63,360 inches 
in 1 mile, this scale also may be writ¬ 
ten 1 inch - 1 mile. Instead of inches, 
other units, such as the centimeter, 
may be used. 

A map projection, broadly speak¬ 
ing, is a system of drawing parallels 
and meridians. Many projections are 
the result of complicated mathemati¬ 
cal computations. True perspective 
projections may be obtained by cast¬ 
ing shadows of parallels and merid¬ 
ians on flat sheets of paper. Imagine 
a hollow globe, the outer shell of 
which c onsists of two hemispheres of 
clear glass. Parallels and meridians 
are painted on the outside of the 
glass, and an electric light is put in¬ 
side the globe, say at the center. In 
a dark room, the shadows of the 
lines, cast on a sheet of paper that is 

s i i i i i » 

5 6 7 8 9 10 

tangent to the globe surface, can be 

traced. By changing the position of 
the light or of the sheet of paper or 
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Fig. 452. Mercator's projection. 


both, different arrangements of par¬ 
allels and meridians may be secured. 

Some map projections are con¬ 
structed so that they represent the 
shapes of land areas and seas cor¬ 
rectly; others show sizes correctly. It 
is impossible for any projection that 
includes a considerable area to ac¬ 
complish both these objectives. Some 
accomplish neither. An equal-area 
map may show certain land and water 
bodies badly distorted in shape. Like¬ 
wise, a map that maintains the true 
shapes of areas may be very mislead¬ 
ing if used to compare the sizes of 
land or sea areas. It is well to remem¬ 
ber that the only true representation 
of the whole earth is a globe. 

Mercator’s projection (Fig. 452), 
which is used for maps of the world, 
was first published in 1569. In this 
projection both meridians and paral¬ 
lels are straight lines, always crossing 
at right angles. The meridians, in¬ 
stead of coming together at the poles, 


are drawn as parallel lines and thus 
in high latitudes (from about the 
50th parallel to the poles) are much 
too far apart. To balance this great 
distortion, the parallels also are 
spaced much farther apart in high 
latitudes than near the equator. Thus 
an area 10° by 10° in Alaska is much 
larger than one on the equator. 

A serious objection to the Mer¬ 
cator map for school use is that land 
and water bodies in high latitudes 
are greatly exaggerated in size. 
Greenland appears larger than South 
America when in reality its area is 
less than that of Argentina. Further¬ 
more, no single scale of miles can be 
used for all parts of the Mercator 
map, and it is virtually impossible to 
show polar regions. Two advantages 
of this projection should be men¬ 
tioned. One is the ease of telling the 
direction from one place to another. 
This map is especially valuable to 
navigators because they can draw a 
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Fig. 453. Aitoff's projection. 


straight line from one place to an¬ 
other and thus determine the sailing 
course. However, the great circle 
route (shortest path) between impor¬ 
tant seaports is seldom a straight line 
on the Mercator map. In order to 
follow the great circle the navigator 
must make frequent changes in his 
compass course. A second advantage 
of this map is that relatively small 
areas are fairly correct in shape. 

Aitoff’s projection is representative 
of several in which the whole earth’s 
surface is shown in an oval (Fig. 453). 
It is an equal-area projection. Con¬ 
tinents near the center of the map 
are shaped fairly accurately. Toward 
the east and west margins, however, 
shapes are badly distorted. Figures 
321 and 454 are drawn on the inter¬ 
rupted Aitoff projection. This has 
the advantage of showing correct size 
and fairly good shape of land and 
water bodies. It is necessary, of 
course, for the eye of the observer to 
bridge the gaps in the grid caused 


by the interruptions. By reducing 
ocean areas and shifting the relative 
location of Australia, the map is 
given a compact appearance. 

Goode’s homolosine projection 
(Fig. 455) is an equal-area map of the 
world. 1 Since the interruptions are 
in the oceans, the continents show 
clearly and are well shaped. The 
parallels are straight lines, so that 
the map is well suited to the study 
of comparative latitudes. Equal-area 
projections of the entire earth’s sur¬ 
face are of great value for the pur¬ 
pose of showing the world distribu¬ 
tion of economic data, climatic re¬ 
gions, or soils. On such maps it is 
desirable that areas be shown in their 
true proportion to one another. 

The conical projection and its 
modifications are used for maps of 

1 J. Paul Goode, late of the department 
of geography, the University of Chicago, 
contributed much to the art of map-making 
in the United States. Goode’s School Atlas 
is widely used. 
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Fig. 454. 
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continents or small areas. To under¬ 
stand the simple form of this projec¬ 
tion, imagine a large paper cone set 
down upon a globe with its apex 
directly above the pole of the globe. 
The cone is tangent to the globe 
along the entire circumference of a 
selected parallel, which is called the 
standard parallel. Because this par¬ 
allel is everywhere equally distant 
from the apex of the cone, it becomes 
an arc of a circle when the cone is 
opened out into a plane surface, and 
all other parallels become arcs of 
concentric circles (Fig. 456). The me- 



Fig. 456. A, conic projection, of the central- 
perspective type, with one standard parallel at 
30° lat. B, a portion of the cone in A is de¬ 
veloped into a map grid. 


ridians are straight lines which radi¬ 
ate from the apex. 

Another modification of the conic 
projection is called the polyconic 
(Fig. 457). It is drawn as if many 
cones of different taper were fitted 
upon a globe, each tangent on a dif¬ 
ferent parallel. This projection often 
is used as a basis of detailed surveys, 
such as the United States topographic 
maps or the International Map of 
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Fig. 457. A polyconic projection. 
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the World on a scale of 1:1,000,000. 
Many maps of the entire United 
States are drawn on the polyconic 
projection. In Bonne’s projection 



(Fig. 458) the parallels are concentric 
circles, but the meridians are curved 
lines. This produces a grid more like 
that of a true globe. 

The great variety of maps that 
may be seen in a good atlas is a result 
of the numerous devices that are em¬ 
ployed to represent different things. 
A most useful device is the dot map 
(Fig. 454). Each dot represents a def¬ 
inite number or quantity. Such maps 
are excellent in providing pictures 
of the areal distribution of many 
items such as citrus fruits, corn, or 
beef cattle. Round dots, triangles, or 
squares may be used. Maps having 


devices of this kind are called carto- 
grams. The dot map is properly effec¬ 
tive only when shown on an equal- 
area projection. On some maps, dots 
or squares of different sizes are given 
graduated values. These are of par¬ 
ticular value in showing the concen¬ 
tration of production, industry, or 
mineral wealth in certain localities 
(Fig. 459). 

Other useful maps are made in dif¬ 
ferent ways. A political map is one 
on which different colors are used 
for different countries, states, and 
counties. Another valuable device is 
a line that passes through places hav¬ 
ing the same characteristic. For ex¬ 
ample, on a map of the United States 
a line may pass through all places 
having an average January tempera¬ 
ture of 10°; another line, through 
places that have an average of 20°; 
another, 30°. Such temperature lines 



Fig. 459. This cartogram shows the distribution 
of a manufacturing industry by dots of gradu¬ 
ated sizes. 


are called isotherms. On other maps, 
lines may pass through places having 
the same annual rainfall, same eleva¬ 
tion above sea level, or same relative 
humidity. Lines may be drawn to 
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Fig. 460. The wall map of Switzerland by Kummerly and Frey, of which this picture is a photo¬ 
graphic reproduction, is printed in subdued colors and is an example of the best in maps that 
simulate modeled relief. (Photograph by V. C. Finch.) 


show the boundary line between for¬ 
est and prairie or between desert and 
humid land. 

Relief maps show elevation of the 
land above sea level. Various meth¬ 
ods are employed to show relief, 
some of them (1) by colors, such as 
green for plains, light brown for 
low mountains, dark brown for high 
mountains, (2) by shading one side 
of a mountain range or hill (Fig. 
460), (3) by hachures (tiny lines that 
show hill and valley slopes), and (4) 
by contour lines. Relief maps are of 
particular value in studying the sur¬ 
face features of the land, in laying 
out railroads and highways, in solv¬ 
ing drainage and irrigation prob¬ 
lems, and in explaining rainfall char-, 
acteristics of certain regions. 


Contour maps are probably the 
most valuable of relief maps because 
of their greater accuracy in showing 
elevation. A con tour line is one that 
passes through places having the same 
elevation above sea level. The con¬ 
tour interval is the vertical distance 
between two adjacent contour lines. 

The idea of contour lines, their 
spacing, and their irregularities may 
be made clear by a simple illustra¬ 
tion. In an open tank one may mold 
an oval mound of wax 6% inches 
high, steeply sloping at one end and 
gently sloping at the other. If 6 
inches of water is permitted to flow 
into the tank, only % inch of the 
mound will protrude. With a sharp 
point the position of the edge of the 
water upon the wax may be marked, 
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and then the water level may be 
lowered by 1-inch stages, and the 
position of each stage marked on the 
surface of the wax. The marks made 
will now appear as contour lines on 
the wax mound, the lowest being 
everywhere 1 inch above the bottom 
of the tank, the next 2 inches, and so 
on to the sixth, as in Fig. 461 A. If the 
mound is viewed from directly above, 
the arrangement of the lines will be 
that of Fig. 461 B. This is the appear¬ 
ance of a contour map. It will be 
noted that, where the slope of the 
mount is steep, the contour lines are 
( lose together and that they are more 
widely spaced as the slope becomes 
more gentle. In this illustration the 
contour interval is 1 inch. 

The topographic maps of the U. S. 
theological Survey depend wholly 
upon contour lines to produce the 
effect of surface relief. They are 
printed in either three or four colors, 
each having a restricted meaning. In 
black are shown those features in the 
surveyed area which may be classed 
as culture that is, those which have 
human origin. In this color are roads, 
houses, towns, place names, bound¬ 
ary lines, and parallels and merid¬ 
ians. In blue are printed all water 
features, both natural and man-made, 
such as canals, streams, marshes, mill¬ 
ponds, lakes, or seas. The various 
classes of such features are distin¬ 
guished by appropriate symbols in 
blue. In green, if that color is shown, 
are areas covered by timber or wood¬ 
land. This feature is shown on only 
a small number of the published 


maps. Contour lines and other sym¬ 
bols relating to the relative elevation 
of the land surface are shown in 
brown. 

Each map is provided with a place 
title and with parallels and merid¬ 
ian*: that indicate its exact location 
and extent. The scale and contour 
intervals are printed on each map. 
It is important that these be noted 




Fig. 461. 


carefully when beginning the study 
of a new sheet. Contour lines express 
the elevation of the land, in feet, 
above mean sea level. Every fifth con¬ 
tour line is heavy and numbered. In 
each surveyed area a few carefully 
measured points are given perma¬ 
nent markers in the form of num¬ 
bered metal posts called bench marks . 
These are indicated on the map by 
the letters B.M., and the exact eleva¬ 
tion of each one is given, printed in 
black. 

The standard United States topo¬ 
graphic sheet includes a quadrangle 
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of 0°15' latitude and 0°15' longitude. 
It is printed at a scale of 1/62,500, or 
approximately 1 inch to 1 mile. Some 
are drawn on different scales which 
are explained on the back of the 
map. The contour intervals em¬ 
ployed usually are 10, 20, 50, or 100 
feet. On maps of extremely flat land 
an interval of 5 feet may be used; on 


maps of rugged mountains the inter¬ 
val is usually 100 feet or more. 

Many relief features of the earth 
are discussed in this book. They can 
be better understood if they are il¬ 
lustrated by the use of topographic 
quadrangles. A list of specific quad¬ 
rangles illustrating certain landforms 
is given in Appendix E. 
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U. S. Topographic 
Quadrangles 


The topographic quadrangles indi¬ 
cated in the following lists have been 
selected from those published by the 
United States Geological Survey be¬ 
cause they illustrate in map form cer¬ 
tain of the landforms discussed in 
the text. Some of the subjects dis¬ 
cussed, ice-scoured plains, for exam¬ 
ple, do not find clear illustration in 
any of the United States Topo¬ 
graphic Quadrangles now published 
and are therefore omitted from the 
list. 

Certain of the maps named below 
may be used to illustrate more than 
one class of features, and their names 
are repeated. Such maps are in¬ 
dicated by the asterisk. In some 
instances, two or three adjacent 
quadrangles are required to show 
adequately the extent of the feature 
in question. Such are indicated as a 
series by being listed in series. 

Standard-size quadrangles may be 
obtained from the United States Ge¬ 
ological Survey, Washington, D. C., 
very inexpensively. In the following 
list, sheets of sizes other than stand¬ 
ard are marked “{special)." 


PLAINS OF STREAM DEGRADATION 

Newly emerged plains 

Bladen and Everett City, Ga. 
Cambon, Fla. 

Chicora, S. C. 

Moniac, Ga.-Fla. 

Higher and better drained coastal ptairis 
Bamberg, S. C. 

Forest, Miss. 

Springhope and Rocky Mount, N. C. 

Plains with cuestiform ridges and es¬ 
carpments 

Blanchardville and Blue Mounds, 
Wis. 

Epes, Ala. 

Fond du Lac and Neenah, Wis. 
Kendall and Mauston, Wis.* 

Llano, Tex.* 

Nashville, Tenn.* 

New Boston and Linden, Tex. 

Knobs and outliers on cuestiform plains 
Big Clifty, Ky.* 

Franklin, Tenn. 

Kendall and Mauston, Wis.* 

Llano, Tex.* 

Nashville, Tenn.* 

Young plains {mainly in glacial drift) 
Gillespie, Ill.* 

La Salle, Ill.* 

Macon, Mo. 

Paulding, Ohio * 

Ray, N. D.* 
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Rough, maturely dissected plains 
La Farge, Wis. 

Newcomerstown, Ohio 
Nortonville, Ky. 

Dissected river bluffs (river breaks) 

Ray, N. D.* 

Niagara, N. Y. 

Pelahatchie and Morton, Miss. 

Old-age plains 

Mount Carmel, Ill.-Ind. 

Owensboro, Jnd.-Kv. 

Peneplains with monadnocks 
Atlanta and Marietta, Ga. 

Gastonia, N. C. 

Kings Mountain, N. C. 

Porcupine Valley and Spring Creek, 
Mont. 

Karst plains 
Big Clifty, Ky.* 

Interlachen, Fla. 

Mammoth Gave, Ky. 

Princeton, Ky. 

Williston, Fla. 


PLAINS OF STREAM AGGRADATION 

Delta margin 
East Delta, La. 

Timbalier, La. 

Narrow levees 

Bayou de Large, La. 

Pointe a la Hache, La. 
Quarantine, La. 

Shell Beach, La. 

Wide levees 
Baton Rouge, La. 

Donaldsonville, La. 

New Orleans, La. 

Wide alluvial floodplains 
Bayou Sara, La. 

Clarksdale, Miss. 

Marks, Miss. 

Memphis, Tenn.-Ark. 

Vicksburg, Miss. 

Narrow floodplains 
Chester, Ill. 

Gays Mills, Wis. 

Ogallala, Neb.* 

Prairie du Chien, Wis,* 


Alluvial terraces 

East Cincinnati, Ohio 
Malaga, Wash. 

Prairie du Chien, Wis.* 

Tar boro, N. C. 

Alluvial fans and piedmont alluvial 
plains 

Cucamonga and San Bernardino, 
Calif. 

Levis, Calif. 

Pacoima and Sunland, Calif. 
Whittier, Calif. 

Plains of older alluvium 
Assiniboine, Mont. 

Colorado Springs, Colo. 

Eaton, Colo. 

Sanborn, Colo. 

Vilas, Colo. 


GLACIAL DRIFT PLAINS 

Till plains (younger drift) 

Poorly drained 
Cliokio, Minn. 

Lansing, Mich. 

Neshkoro, Wis. 

Well-drained 
La Salle, Ill.* 

Slater, Iowa 
Upper Sandusky, Ohio 
With drumlins 
Boston, Mass.* 

Clyde and Weeclsport, N. Y. 
Palmyra, N. Y. 

Sun Prairie and Stoughton, Wis. 

Till plains (relief controlled by bedrock 
features) 

Baraboo, Wis. 

Stonington and Moosup, Conn. 
Youngstown, Ohio 

Marginal moraines 

Kettle-moraine regions (large area) 
Pelican Rapids and Vergas, Minn. 
Kettle-moraine belts (with associated 
pitted outwash plains) 

Rives Junction * and Stockbridge, 
Mich. 

Schoolcraft, Mich. 

St. Croix Dalles, Wis. 

Whitewater, Wis. 
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With eskers 
Fowlerville, Mich. 
Rives Junction, Mich.* 
St. Francis, Minn. 

Till plains (older drift) 
Albia and Pel la, Iowa 
Gillespie, Ill.* 

Lake plains (glacial) 

Detroit, Mich. 

Fargo, N. D.-Minn. 
Paulding, Ohio* 
Ridgeway, N. Y. 


PLAINS IN DRY CLIMATES 

Eolian sand plains 
Brown, Neb. 

Lakin, Kans. 

North Platte, Neb. 

Ogallala, Neb.* 

Loess plains (stream eroded) 

Omaha and Vicinity, Neb. and Iowa 
(special) 

Red Cloud, Neb. 

York, Neb. 


SHORE FEATURES OF PLAINS 

Iiia shorelines 

Bath and Boothbay, Maine 
Boston, Mass.* 

Choptank, Md. 

Kilmarnock, Va. 

Deposited shore features 
Offshore bars 

Atlantic City, Sea Island, and Bar- 
negat,* N. J. 

Lopena Island and Saltillo Ranch, 
Tex. 

Spits and hooks 

Cape Henlopen, Del.* 

Erie, Pa. 

Provincetown, Mass. 

Sandy Hook, N. Y. 

Shore dunes 
Barnegat, N. J.* 

Cape Henlopen * and Rchoboth, 
Del. 

Fenville, Mich. 

Three Oaks, Mich. 


DRY-PLATEAU FEATURES 

Plateau valleys and escarpments 
Abajo, Utah * 

Bisuka, Idaho 
Bright Angel, Ari/. 

Diamond Creek, Ari/. 

Escalante, Utah 

Hanford and Scootency Lake. Wash. 
Henry Mountains, Utah * 

Kanab, Utah 

Mesas and buttes 

Mesa de Maya, Colo. 

Mount Trumbull, Ariz. 

Raton, N. M. 

Tascotal Mesa, Tex. 

Plateau bolsons 
Carson Sink, New* 

Cicnega Springs, N. M. 

Disaster, Nev.* 

Silver Peak, Nev.* 


HILL LANDS 

Stream-eroded hills in horizontal strata 
Arnoldsburg, W. Va. 

Bald Knob, W. Va. 

Confluence, Pa. 

Fayetteville, W. Va. (plateau features) 
Badlands 

Rock Springs, Wyo. 

Hills in complex rocks 
Asheville, N. C.-Tenn. 

Knoxville, Tenn.-N. C. 

Hills in areas of linear faulting 
McKittrick, Calif. 

San Mateo, Calif. 

Hills in folded sedimentary strata 
Hyndman, Pa. 

Millersburg, Lykens, and Pine Grove, 
Pa. 

Mount Union, Pa. 

Winding Stair, Okla. 

Glaciated hill lands 
In crystalline rock 
Allagash, Maine 
Bolton, N. Y. 

Greenlaw, Maine 
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In horizontal strata 

Bath and Hammondsport, N. Y. 

MOUNTAINS 

Volcanic peaks 

Crater Lake National Park, Ore. 
Lassen Volcanic National Park, Calif. 

Laccolithic mountains 
Abajo, Utah # 

Fort Benton, Mont. 

Henry Mountains, Utah * 

Fault-block mountains 

Ballarat and Furnace Creek, Calif. 
Carson Sink, Nev.* 

Disaster, Nev. # 

Sequoia and Kings Canyon National 
Parks, Calif, (special) * 

Silver Peak, Nev.* 

Mountain foothills of the hogback-ridge 
type 

Boulder, Colo. 

Loveland, Colo. 


Rapid City, S. D. 

Maiden Peak, Ore. 

Mount Hood, Ore. 

Mount Rainier National Park, 
Wash.* 

Glaciated mountains 

Glacier National Park (special) 
Hamilton, Mont. 

Hayden Peak, Utah. 

Mount Rainier National Park, 
Wash.* 

Sequoia and Kings Canyon National 
Parks, Calif, (special) * 

Emerged highland shore features 
La Jolla, Calif. 

San Diego, Calif. 

San Luis, Calif. 

Santa Ana, Calif. 

Solstice Canyon and Las Flores, Calif. 
Fiords 

Reconnaissance Map—Alaska Rail¬ 
road, Seward to Matanuska Coal 
Field (special) 

Tacoma and Snohomish, Wash. 



appendix f. Rocks and Minerals 


A mineral is a natural inorganic 1 
substance, having a nearly constant 
chemical composition and fairly def¬ 
inite physical characteristics. 

An ore is a rock or mineral that 
contains enough of one or more 
metals to make mining profitable. 
The amount of metal in ores varies 
greatly. Some iron and lead ores will 
run as high as 50 to 75 percent metal. 
On the other hand, an ounce of gold 
per ton of rock is considered good 
gold ore. Rarely do the metals occur 
in their native state. Many valuable 
ores are oxides, sulfides, or carbon¬ 
ates. 

IDENTIFICATION OF MINERALS 

A mineral may be identified by 
certain properties or characteristics 
that it possesses. Some minerals are 
easily identified; others require care¬ 
ful examination and often chemical 
analysis. Properties of minerals are 
as follows: 

1) The color of some minerals is 
very definite. For example, azurite 
has a deep blue color. Certain other 
minerals, however, such as quartz, 
may occur in several colors. 

2) The streak of a mineral is the 
color of a mark that it makes on un¬ 


glazed porcelain. Examples: graph¬ 
ite, black; hematite, reddish brown; 
malachite, light green. 

3) Certain minerals break so that 
smooth plane surfaces are produced. 



Fig. 462. A specimen of galena, the principal 
ore of lead. This mineral occurs as shiny, black 
cubes. Because of its high percentage of lead, 
galena is one of the heaviest minerals. (Cour¬ 
tesy Ward's Natural Science Establishment , 
Inc., Rochester, N. Y.) 

This is called cleavage . Galena, for 
example, cleaves in three planes (Fig. 
462). These are at right angles to 

1 Coal and petroleum are derived from 
substances that were originally organic, but 
they have been so changed by time that they 
are now considered to belong to the mineral 
kingdom. They are always spoken of as “the 
mineral fuels/* 
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Galena Pyri+e 



Hexagonal 

Quartz 


Fig. 463. Types of crystals. 



Rhombohedron 

Calcite 


each other, so that a large piece of 
galena may be broken into many 
cubes. 

4) The luster of a mineral is the 
way in which it reflects light. Many 
ores have a metallic luster. The dia¬ 
mond has a brilliant luster called 
adamantine . Chrysotile, the chief 
source of asbestos, has a silky luster; 
kaolin, a form of hard clay, a dull 
luster. 

SCALE OF HARDNESS 

1. Talc 6. Orthoclase feldspar 

2. Gypsum 7. Quartz 

3. Calcite 8. Topaz 

4. Fluorite 9. Corundum 

5. Apatite 10. Diamond 


5) The hardness of minerals ranges 
from 1 to 10. Talc, which can be 
easily scratched with the fingernail, 
has a hardness of 1. The opposite ex¬ 
treme is represented by the diamond, 
the hardest known substance, which 
has a hardness of 10. The fingernail 
has a hardness of about 2%, and a 
knife blade, about 5%. The hardness 
of a specimen is ascertained by com¬ 
parison with the standard series of 
minerals given above. Care should 
be exercised in testing for hardness. 
If one mineral scratches another, the 
scratch cannot be rubbed off. If it 
can be rubbed off, it indicates that 


the powder of the softer mineral has 
formed on the harder one and no 
scratch has been made. 

6) Specific gravity is a number 
that represents how many times heav¬ 
ier 1 cubic inch (or other unit of 
volume) of a substance is than 1 
cubic inch of water. If 1 cubic inch 
of sphalerite (zinc ore) weighs 4 times 
as much as 1 cubic inch of water, 
then the specific gravity of sphalerite 
is said to be 4. The specific gravity 
of most minerals ranges between 2.0 
and 4.0. Liquid petroleum, since it 
floats on water, has a specific gravity 
of less than 1. Pure gold has a specific 
gravity of 19. 

7) Effervescence in acid is a prop¬ 
erty of some minerals. If a drop of 
hydrochloric acid is put on a piece 
of limestone, marble, or calcite, 
chemical reaction will result in bub¬ 
bles of gas being given off. This is 
called effervescence . It can be used 
as a test for certain minerals known 
to possess this property. 

8) The crystalline form of min¬ 
erals varies greatly. Only four crystal¬ 
line forms will be mentioned here: 
cubical crystal, represented by galena 
(Fig. 463) and halite (common salt); 
hexagonal (six-sided), by quartz (Fig. 
143); octahedron, by pyrite and the 
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diamond; rhombohedron, by calcite 
(Fig. 463). 

CLASSES OF ROCKS 

A rock is defined as a combination 
of two or more minerals, although 
some rocks are composed almost en¬ 
tirely of one mineral. Granite is com¬ 
posed mainly of the three minerals: 
quartz, feldspar, and mica. On the 
other hand, sandstone and quartzite 
are mainly quartz; limestone and 
marble, mainly calcite. It is impor¬ 
tant to remember that minerals have 
definite chemical compositions, but 
rocks do not. 

Rocks are classified as igneous, 
sedimentary, or metamorphic. 

Igneous rocks are formed when 
molten rock cools and solidifies. Ex¬ 
amples: 

1) Granite: red or gray; composed 
essentially of quartz, feldspar, and 
mica; speckled appearance is due to 
different mineral crystals being vis¬ 
ible 

2) Basalt: dark greenish black; 
sometimes shows small cavities prob¬ 
ably caused by steam; a common 
form of solidified lava 

3) Obsidian: volcanic glass; black, 
brown, green, etc. 

4) Pumice stone: white to gray; 
porous; floats on water 

5) Scoria: black, gray, dark red; 
resembles cinders 

Sedimentary rocks are formed of 
sediment deposited by water. Ex¬ 
amples: 


1) Limestone: white to gray; com¬ 
posed mainly of calcite; often con¬ 
tains many fossils of marine animals; 
effervesces in acid; may be colored 
yellow-brown by limonite (iron ox¬ 
ide) 

2) Sandstone: gray or red; mainly 
quartz; sand particles visible 

3) Shale: dark gray, black, red; 
usually can be broken into thin 
layers; clay odor when wet; oil shale 
is black 

4) Bituminous coal: black; com¬ 
posed of carbon and carbon com¬ 
pounds; may contain impurities such 
as hard shale 

5) Conglomerate: rounded peb¬ 
bles cemented together 

Metamorphic rocks are other types 
that have been altered by pressure 
and heat. Examples: 

1) Gneiss: mainly a metamor¬ 
phosed granite; the minerals quartz, 
feldspar, and mica often occur in 
layers; the mica may be the white 
variety (muscovite) or the black (bio- 
tite) 

2) Marble: metamorphosed lime¬ 
stone; many colors; a beautiful rock 
when polished; effervesces in acid 

3) Quartzite: metamorphosed 
sandstone; extremely hard and com¬ 
pact; gray or red; sand particles 
firmly cemented together 

4) Slate: metamorphosed shale; 
usually black; splits into thin layers; 
harder than shale 

5) Anthracite: harder and not so 
dusty as bituminous coal; a superior 
fuel 



Q 113 * 12 silicon dioxide Si 0 2 Colorless and trans- 2.6:' \ t Crystalline is hexagonal. Forms agate, flint, chert, sand, sandstone, quartzite amethys 

Parent : opal, rose quartz, etc. * ’ " 

Many colors | I 
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PRINCIPAL SUBDIVISIONS OF EARTH HISTORY AND SOME OF ITS EVENTS 
AS THEY ARE RECORDED IN THE ROCKS OF NORTH AMERICA 


BIOLOGIC 

DEVELOPMENTS 


THE SMCES ALLOTTED BELOW TO THE ERAS AMD PERIODS ARE MOT IN PROPORTION TO THEIR. ESTIMATED OUR. ATI OH 


ERA PERIOD 
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CALIF.COAST MTS. APPEAR. MEW SPECIES OF PLANTS AND ANlMAUb 
THE GREAT ICE AGE APPEARANCE OF PRIMITIVE MAN 



>OZ01C 

3F MEDIEVAL 
LIFE. 

ON EST.AT ABOUT 
ALL GEOL.TIME [ 

CRETACEOUS 

rocky mt. coal 

JURASSIC 

~ - u. 

uj £ a* 
2 

TRIASSIC 



RISE OP MAMMALS £ BJRPS-DE- 
CUNE i EXTINCTION OF DINOSAURS. 

DEVELOPMENT OF MODERN FLOWER¬ 
ING PLANTS t DECIDUOUS TREES 



a 

REPTILES (C RAWLlNG, WALKING, FLY¬ 
ING, SWIMMING) DIVERSE( ABUNDANT. 
MANT COMPLEX MARINE ANIMALS— 


3 


H 

FORESTS MAINLY CONIFEROUS 


PERMIAN 



FLUCTUATING SEAS 
IN THE INTERIOR — 
FORMATION OF EX¬ 
TENSIVE SWAMPS 



MOUNTAIN BUILD 
INC AND VULCANISM 

MANY EVENTS 0»~ 
SCURKO »Y VA VI 
LAPSE OP TIME 


DECLINE OF FERN TREES £ RISE 
OF CONIFERS- GREAT VARIETY 
IN REPTILES i INSECTS-MANY 
MARINE INVERTEBRATES DISAPPEAR 
VAST FORESTS OF FAST- GROW- | 
ING TREES AND OTHER PLANTS, 
COMPLEX MARINE LIFE - RISE 
OF REPTILES AND INSECTS 
DEVELOPMENT OF SHARKS AND 
OTHER FISH-NUMEROUS AM¬ 
PHIBIANS-ABUNDANT FORESTS 
OF FERNS jPRIMITIVE CONIFERS. 

ABUNDANT FISHES WITH VER¬ 
TEBRA AND PAIRED FINS, I 
FIRST AMPHIBIANS, j 

FIRST FORESTS CTREE FERNS} 
DEVELOPMENT OF FISHES- : 
FIRST LAND ANIMALS (SPIDER¬ 
LIKE)-FIRST LAND PLANTS- 
ABUNDAMT CORALS 


ABUNDANT MOLLUSKS AND 
TR1L0BITE.S —EARLY FORMS 
OF FISH — NO EVIDENCE OF 
LAND ANIMALS OR PLANTS 


FIRST ABUNDANT FOSSILS 
MAINLY Of SHELLED MARINE. 
INVERTEBRATES(M0LLUSKS 
AND TRILOBITELS) 


PRIMITIVE MARINE LIFE,MAINLY 
WITHOUT SHELLS, LEAVING ONLY 
MEAGRE FOSSIL REMAINS 


PRIMITIVE FORMS OF MARINE I 
LIFE, PERHAPS ALGAE-LIKE * 

NO PIRRCT FO*»tL EVIDENCE. 


EARTH HISTORY EXTENDS BACK AN Or MERGES WITH EARTH ORIGIN 
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Useful Data and Tables 


CHEMICAL ELEMENTS 

(Partial list) 


Element 

Symbol 

Atomic weight 

Element 

Symbol 

Atomic weight 

Aluminum 

A! 

26.97 

Mercury 

Hg 

200.61 

Argon 

A 

39.944 

Molybdenum 

Mo 

95.95 

Arsenic 

As 

74.91 

Neon 

Ne 

20.183 

Barium 

Ba 

137.36 

Nickel 

Ni 

58.69 

Bismuth 

Bi 

209.00 

Nitrogen 

N 

14.008 

Bromine 

Br 

79.916 

Oxygen 

O 

16.000 

Calcium 

Ca 

40.08 

Phosphorus 

P 

30.98 

Carbon 

C 

12.01 

Platinum 

Pt 

195.23 

Chlorine 

Cl 

35.457 

Potassium 

K 

39.096 

Chromium 

Cr 

52.01 

Radium 

Ra 

226.05 

Cobalt 

Co 

58.94 

Silicon 

Si 

28.06 

Copper 

Cu 

63.57 

Silver 

Ag 

107.880 

Fluorine 

F 

19.000 

Sodium 

Na 

22.997 

Gold 

Au 

197.2 

Sulfur 

s 

32.06 

Helium 

He 

4.003 

Tellurium 

Te 

127.61 

Hydrogen 

H 

1.0080 

Thorium 

Th 

232.12 

Iodine 

I 

126.92 

Tin 

Sn 

118.70 

Iron 

Fe 

55.85 

Tungsten 

W 

183.92 

Lead 

Pb 

207.21 

Uranium 

U 

238.07 

Lithium 

Li 

6.940 

Vanadium 

Dl 


Magnesium 

Mg 

24.32 

Zinc 

Zn 

65.38 

Manganese 

Mn 

54.93 
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AVOIRDUPOIS WEIGHT 

16 drams ~ 1 ounce 
16 ounces = 1 pound 
7000 grains = 1 pound 
100 pounds = 1 hundredweight 
2000 pounds — 1 ton 
2240 pounds = 1 long ton 


METRIC WEIGHT 

1 gram = 1000 milligrams 
1 gram = 100 centigrams 
1 gram = 10 decigrams 

10 grams — 1 decagram 

100 grams = 1 hectogram 

1000 grams = 1 kilogram 


CONVERSION 

1 pound = 0.45 kilogram 
1 kilogram = 2.20 pounds 
1 gram = 15.43 grains 
1 metric ton = 1000 kilograms = 2204 pounds 


LINEAR MEASURE 


12 inches 
3 feet 
16^2 feet 
40 rods 
5280 feet 
6080 feet 


1 foot 
1 yard 
1 rod 
1 furlong 
1 statute mile 
1 nautical mile 


METRIC LINEAR 


1 meter = 
1 meter — 
1 meter = 
10 meters = 
100 meters = 
1000 meters = 


1000 millimeters 
100 centimeters 
10 decimeters 
1 decameter 
1 hectometer 
1 kilometer 


'CONVERSION 

1 meter = 39.37 inches 
1 mile == 1.60 kilometers 

1 kilometer = 0.62 mile 


TIME 


LONGITUDE AND LATITUDE 


60 seconds = 1 minute 
60 minutes = 1 hour 
24 hours = 1 day 
365 days = 1 year 


60 seconds (") = 1 minute (') 

60 minutes (') = 1 degree (°) 

Highest longitude = 180° 
Highest latitude = 90° 


ATMOSPHERIC PRESSURE 

1 inch = 25.40 millimeters = 33.86 millibars 
1 millimeter = 0.039 inch == 1.33 millibars 

1 millibar = 0.029 inch = 0.75 millimeter 


LENGTH OF LONGEST RIVERS 


HIGH MOUNTAINS 


Missouri-Mississippi 

Nile 

Amazon 

Ob 

Yangtze 

Congo 

Amur 


4221 miles 
4000 miles 
3900 miles 
3200 miles 
3100 miles 
2900 miles 
2900 miles 


Everest 29,141 feet 

Godwin Austen 28,251 feet 
Aconcagua 22,830 feet 

McKinley 20,300 feet 

Kilimanjaro 19,324 feet 

Elbrus 18,468 feet 

Whitney 14,500 feet 

Pikes Peak 14,110 feet 
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List of Visual Materials 


The following list of visual mate¬ 
rials may be used to supplement 
some of the material in this book. 
This list, although subdivided by 
chapters, is a comprehensive, rather 
than a selective, list. Therefore, we 
suggest that each film be previewed 
before using as some may contain 
information that is too advanced 
while others may contain informa¬ 
tion that is too elementary for your 
courses. 

These films may be obtained from 
the producer or distributor listed 
with each title. (The addresses of 
producers and distributors are given 
at the end of the bibliography.) In 
many cases, these films may be ob¬ 
tained from your local film library 
or local film distributor; also, many 
universities have large film libraries 
from which they may be borrowed 
or rented at a small fee. 

The running time (min) and 
whether the film is silent (si) or 
sound (sd) are listed with each title. 
All the motion pictures are 16mm 
black and white films, unless listed 
as color (C). 

Each film has been listed once in 
connection with the chapter to which 
it is most applicable. However, in 


many cases the film might be used 
advantageously with other chapters. 

CHAPTER 1. THE EARTH AND ITS 

PLANETARY RELATIONS 

Earth in Motion (EBF lOmin sd). 
Visualizes dynamic aspects of the 
earth as a planet; its rotation, revo¬ 
lution, and other phenomena. 

Earth—Latitude and Longitude (EBF 
12min sd). Visualizes latitude and 
longitude and their uses; presents 
data on relative sizes of continents, 
mountains, formation of streams and 
river systems. 

Earth—Rotation and Revolution (EPS 
12min sd-si). Describes rotation and 
revolution and their effect on cli¬ 
mate; explains the several zones and 
the cause of their weather. 

Exploring Space (TFC 9min sd). 
Takes audience on a simulated trip 
through space with close-ups of the 
Moon, Venus, Sun, Mars, Milky 
Way, etc. 

Our Earth (EBF lOmin sd). Depicts 
the relationship of physical aspects 
of our earth to the concentrations 
and activities of people. Shows 
oceans and their effects on climate; 
various types of coastlines, rivers, 
lakes, mountains, etc. 
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World We Live in (Knowledge 
lOmin sd). Presents the earth as a 
planet, its rotation, division into 
hemispheres, oceans, continents, and 
the effect of the sun on it. 

CHAPTER 2. TEMPERATURE OF THE 

ATMOSPHERE 

Afmosphere and Its Circulation 

(ERF 1 lmin sd). Visualizes structure, 
composition, and distribution of air; 
altitude; pressure and temperature; 
and the circulation of atmosphere 
around the globe. 

CHAPTER 3. ATMOSPHERIC PRESSURE 

AND WINDS 

Atmospheric Pressure (EBF 15 min 
si). Visualizes unbalanced air pres¬ 
sures, vacuums in common situa¬ 
tions; then shows pressure variations 
in valleys and on mountains, causes 
of winds. 

Modern Weather Theory—Develop¬ 
ment and Characteristics of Atmos¬ 
pheric Waves (Castle 12min sd). Ex¬ 
plains the development and charac¬ 
teristics of atmospheric waves and 
their influence on weather. 

Modern Weather Theory—Primary 
Circulation (Castle lOmin sd). De¬ 
scribes the circulation of the earth’s 
air mass and its influence on weather; 
includes prevailing westerlies, trade 
winds, etc. 

Weather (EBF lOmin sd). Visual¬ 
izes polar front weather theory, me¬ 
teorological instruments and meth¬ 
ods, and cloud formations. 


CHAPTER 4. ATMOSPHERIC MOISTURE 

AND PRECIPITATION 

Clouds (USWB llryin sd). Shows 
various types of clouds, the move¬ 
ment of high- and low-pressure areas 
across the country, and weather-fore¬ 
casting as a result of cloud study. 

The Water Cycle (EBF lOmin sd). 
Visualizes the movement of water 
from sky to earth and back again; 
shows how and why this movement 
occurs. 

CHAPTER 5. STORMS AND THEIR 

WEATHER TYPES 

Aerology: Thunderstorms (Castle 
4lmin sd). Concerned with forma¬ 
tion of thunderclouds and storms 
and their influence on flight. 

Flood Weather (USWB 32min sd). 
Visualizes weather-forecasting for 
river navigation and flood protec¬ 
tion; shows Ohio River and Potomac 
River floods. 

Weather Wizards (TFC lOmin sd). 
Shows different types of weather and 
describes the work and value of the 
modern Weather Bureau. 

CHAPTER 6. CLIMATES OF THE TROPICS 

AND THE DRY MIDDLE LATITUDES 

African Fauna (Simmel-Meservey 
12min sd C). Shows water buck, 
zebra, giraffe, cheetah, lion, croco¬ 
dile, hippopotamus, and elephant, 
all in their natural African habitat. 

Along the Great Silk Route (GM 
30min sd C). A travel film through 
France, Germany, the Balkans, Tur- 
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key, Syria, Iraq, Iran, and Afghanis* 
tan to the border of India. 

Along the Life Line of the British 
Empire (NuArt 11 min sd-si). Shows a 
trip from India through Suez, the 
Mediterranean, and Gibraltar to 
England. 

Continent of South America (EBF 
15min si). Depicts the Andean high¬ 
lands, eastern highlands and low¬ 
lands, Brazilian highlands and La 
Plata basin, Guiana highlands, and 
Orinoco and Amazon basin. 

The Desert (Barr lOmin sd-si C). 
Shows typical plants, animals, and 
and topography of the desert (Cali¬ 
fornia) and how life has become 
adapted to this environment. 

Deserts of America (United lOmin 
sd). Shows deserts from Maine to 
California. 

Desert Land (ITTCO lOmin sd). 
Shows the constant search for food 
carried on by the desert animals and 
shows their adaptation to desert life. 

Geography from the Air (Air-Age 
12min sd). World geography from 
the air; a selection of air-transport 
command footage illustrating out¬ 
standing geographical elements. 

How the Desert People Live (Knowl¬ 
edge llmin sd). Life among the 
wandering tribes of the Sahara and 
the people of the deserts of Turke¬ 
stan and Gobi. 

Jungles of the World (Knowledge 
llmin sd). Compares jungles of 
South America, central Africa, Bur¬ 
ma, and the East Indies, showing 
similarities of vegetation, animal 
life, and adaptation of man’s living 
to a tropical environment. 


The Veldt (TFC lOmin sd). A pic¬ 
torial presentation of animal life in 
the African veldt. 

CHAPTER 7. CLIMATES OF MIDDLE 

AND HIGH LATITUDES 

Antarctic Outpost (United 9min 
sd). With Admiral Byrd at the new 
naval base 500 miles south of Cape 
Horn. 

Canadian Wheat Story (NFBC 
Grain sd). Shows Canada's fields of 
grain, harvesting and milling wheat. 

CHAPTER 8. COMPOSITION AND 

CHANGES OF THE EARTH'S CRUST 

Earth's Rocky Crust (EBF llmin 
sd). Visualizes the formation and 
composition of the earth s surface 
and the forces acting on it to c hange 
it, making rocky mountains into 
soil. 

Paricutin (Gray 12min sd C). Docu¬ 
mentary film showing a year’s 
growth and activity of this new vol¬ 
cano. 

Volcanoes in Action (EBF lOmin 
sd). Visualizes technical aspects of 
volcanoes and distribution of active 
and inactive volcanoes in world. 

CHAPTER 9. WEARING AWAY AND 

BUILDING UP OF THE LAND 

Geological Work of Ice (EBF 1 lmin 
sd). Explains the development of 
striated rocks, eskers, moraines, 
cirques, hanging valleys, fiords; de¬ 
scribes the freezing and thawing of 
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ice, glacial movements, terminal 
moraines, the Pleistocene glaciation 
period and the Greenland ice sheet. 

Ground Water (EBF llmin sd). 
Visualizes ground water, its action in 
changing the earth’s crust, how 
ground water manifests itself, and 
the phenomena of hot springs, gey¬ 
sers, etc. 

Wearing Away of the Land (EBF 
lOmin sd). Shows how rocks are de¬ 
composed; how caves and sinkholes 
are formed; the work of glaciers, 
wind, and rain in wearing away the 
land; and the action of waves on the 
coastlines. 

Work of the Atmosphere (EBF ll¬ 
min sd). Shows the role of wind and 
weather in disintegrating rocks and 
forming soil. 

Work of Rivers (EBF llmin sd). 
Visualizes the formation of rivers, 
their work, and development of vari¬ 
ous types of valleys through the story 
of the cycle of a river from its begin¬ 
ning to old age. 

Work of Running Water (EBF lO¬ 
min sd). A visualization of the for¬ 
mation of deltas and floodplains, 
rivers, and canyons through the 
work of running water. 

CHAPTER 10. RIVER-MADE PLAINS 

Flood (Castle 8min sd). Shows 
causes and consequences of floods to 
farmers and the nation. 

Swampland (ITTCO lOmin sd). 
Shows wild animal life found in va¬ 
rious swamplands of the United 
States. 


Wetlands (Castle llmin sd). Shows 
where our 120 million acres of wet 
lands are located, how 31 million 
can be suited to farming by drain¬ 
age, and the principal types of water 
control. 

CHAPTER 13. MOUNTAINS 

The Mountains (Barr lOmin sd-si 
C). Shows topography, plants, and 
animals of mountains (California). 

Mountain Building (EBF llmin sd). 
Visualizes how mountains are formed 
through the movement of the earth’s 
crust, using the story of the Ap¬ 
palachian Mountains and the Lewis 
Overthrust of the Rockies. 

CHAPTER 14. OCEANS AND THEIR 
SHORES 

Alive in the Deep (Pictorial 22min 
sd). Shows the eternal fight for exist¬ 
ence that goes on in the sea among 
sea animals. 

America Sails the Seas (NFAS 32- 
min sd C). Shows what the merchant 
marine does, how it operates, where 
it goes, and what it carries. 

The Seashore (Barr lOmin sd-si C). 
Shows characteristics of seashore 
(California) and its plant and animal 
life. 

CHAPTER 15. WATER RESOURCES 
OF THE LAND 

Canals of England (EBF 22min sd). 
Shows the origin, development, and 
use of canal boat traffic in England. 
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City Water Supplies (EBF 11 min 
sd). Shows relation of rainfall to life, 
sources of city water supplies, and 
how the water is obtained and dis¬ 
tributed. 

Empire of the West (United 30min 
sd). Shows the development of a 
large water supply system for the 
southern California area. 

Flatboatmen of the Frontier (EBF 
lOmin sd). Shows dependence of 
early Ohio settlers on the soil for 
livelihood and on rivers for trans¬ 
portation. 

Great Lakes (NFBC 20min sd C). 
Depicts the use of lakes for trans¬ 
portation; shows industrial develop¬ 
ment around them. 

Irrigation Farming (EBF llmin sd). 
Shows man’s use of mountain water 
to irrigate land otherwise arid and 
desert. 

Miracle of Hydro (TFC lOmin sd). 
Shows the significance of the Bonne¬ 
ville and Grand Coulee dams and 
the changes they brought about. 

Snow Harvest (Castle 25min sd C). 
Describes the importance of snow 
surveys and techniques of measuring 
snow to forecast irrigation and other 
water supplies. 

TVA (TVA 20min sd). Presents the 
work and accomplishments of the 
TVA and the unified development 
of the Tennessee Valley. 

Water Power (EBF lOmin sd). 
Traces the development of water 
power in the United States and 
shows it in action; concludes with 
world-wide survey of potential water 
power in main river systems of conti¬ 
nents. 


CHAPTER 16. NATIVE VEGETATION 

AND ANIMAL LIFE 

About Bananas (United Fruit 15- 
min si). A full story about bananas, 
showing clearing of jungle, planting, 
etc. Scenes are laid in Central Amer¬ 
ica. 

Alaska's Silver Millions (AmCan 
Minin sd-si). Shows Alaska and its 
industries, especially the salmon in¬ 
dustry-fishing, packing, etc. 

Blessings of Grass (Castle 20min 
sd). Shows the cooperative use of the 
home ranges and national forest 
lands of the West for grazing. 

Fishing (ITTCO lOmin sd). 
Shows both commercial and recrea¬ 
tional fishing in Newfoundland, the 
Seine, Palestine, and Sicily; food 
from the rivers and the sea. 

Fishing in the Fiords (NuArt llmin 
si-sd). Shows all methods of fishing 
for cod and how cod is prepared for 
market. 

Grass (EK 19min sd). Shows the 
semiannual migration of the Bak- 
tyari tribe in Persia whose liveli¬ 
hood depends on grass. 

How a Fishing People Live (Knowl¬ 
edge llmin sd). The story of a 
primitive people in the North Pa¬ 
cific dependent almost entirely on 
the sea for a livelihood. 

How a Hunting People Live (Knowl¬ 
edge llmin sd). Shows the main fea¬ 
tures of the life of Mongol people 
who live in the taigas of Siberia and 
whose living depends on the animals 
of the forest. 

Let's Look at Trees (United llmin 
sd C). Shows various means of iden- 
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tifying trees; describes their habitat 
belts and struggle for survival; 
teaches identification, mainly of 
pines, by shape, leaves, bark, and 
cones. 

There's More Than Timber in Trees 

(Castle SSmin sd C). Re creates the 
cutting of virgin forests in New Eng¬ 
land, the Lake states, the South, and 
the Pacific Northwest. Shows the ef¬ 
fect of forest-cutting practices. 

Tree and Plant Life (ITTGO lOmin 
sd-si). Show's various types of tree 
and plant life—gigantic ferns, giant 
desert cacti, yucca palms, torrey 
pines, etc. 

Tree of Life (Castle Hhnin sd). 
Shows how forest reserves have been 
depleted and what is needed to re¬ 
place them. 

CHAPTER 17. SOILS 

Conservation of Natural Resources 

(EBF lOmin sd). Concerned with 
water power, forests, and farmlands, 
their conservation and development. 

Farmers Face the Future (Castle lO¬ 
min sd). Shows accomplishments of 
American farmers and future prob¬ 
lems, such as soil conservation, re¬ 
forestation, reseeding grazing lands, 
etc. 

Food and Soil (Castle lOmin sd C). 
Shows how our soil is being wasted 
through misuse and how it can be 
conserved. 

Formation of Soil (EBF 15min si). 
Shows the work of weather, stream 
erosion and transportation, glaciers, 
plants, and animals in the disinte¬ 
gration of rock to form soil. 


Heritage We Guard (Castle 30min 
sd). Depicts damage to soil and wild¬ 
life resulting from the westward mi¬ 
gration in the United States. 

Home on the Range (Castle lOmin 
sd). Shows the importance of water 
control in improving the grasslands. 

Know Your Land (Castle 13min sd 
C). Shows characteristics and uses of 
eight basic land classes, describes 
conservation practices to be fol¬ 
lowed. 

Life of the Soil (National Fertilizer 
33min sd C). Shows natural methods 
of maintaining soil fertility and how 
man has improved on them. 

New Ways in Farming (MOT 20- 
min sd). Show's methods of farming 
in use today and modern trends in 
farming. 

The River (Castle 31 min sd). The 
story of the Mississippi and its valley 
with major emphasis on conserva¬ 
tion. 

Save That Soil (AmPotash 28min 
sd C). Show's results of the one-crop 
system of the South and the reclama¬ 
tion and conservation of southern 
soils. 

Save the Soil (Castle 11 min sd). A 
general treatment of the problem of 
soil conservation and the part soil 
has played in history. 

CHAPTER 18. MINERAL FUELS, ORES, 

AND OTHER ECONOMIC MINERALS 

Coal from New Zealand's Alps 

(New Zealand Legation 12min sd). 
A sweeping panorama of New Zea¬ 
land’s alps and the story of the men 
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who pioneered the rugged slopes to 
mine coal. 

Chilean Nitrate—Gift of a Desert 

(Hollywood 15min sd C). Pictures 
the mining, refining, and transporta¬ 
tion of nitrate of soda. 

Diamonds in the Rough (TFC 10- 
min sd). Shows the securing of rough 
diamonds from an open African 
mine and their processing. 

Great Canadian Shield (NFBC 11- 
min sd C). Shows the sources of min¬ 
eral wealth of the area—gold, copper, 
nickel, and other minerals. 

Limestone and Marble (EBF 15m in 
si). Shows difference between lime¬ 
stone, chalk, and marble; quarrying 
and use of natural limestone and 
marble; manufacture of cement. 

Magic of Coal (PFC 20min sd). 
Shows coal as a source of power, 
light, medicine, plastics, and many 
other by-products indispensable to 
modern living. 

Oil from the Earth (Shell 20min 
sd). A full story of oil, from the time 
of locating it through the process of 
getting it out of the ground. 

Plant Food from Coal (By-Product 
Ammonia 39min sd C). Traces the 
history of nitrogen in coal from for¬ 
ests of the Coal Age through its re¬ 
covery for fertilizer by the modern 
by-product coking plant. 

Sand and Clay (EBF 15min si). De¬ 
scribes sand, glass, and clay and the 
processes in making brick, tile, and 
pottery. 

Sulphur (USBM 20min si-sd). The 
story of sulfur from the location of 


deposits to its shipment by rail and 
ships. 

Treasure from the Sea (PFC lOmin 
sd C). A Disney production, showing 
how magnesium is extracted from 
sea water. 

CHAPTER 19. MAJOR REGIONS AND 

RESOURCES OF THE UNITED STATES 

Northeastern States (EBF llinin 
sd) 

Southeastern States (EBF 11 min 
sd) 

Southwestern States (EBF llmin 
sd) 

Middle States (EBF llmin sd) 

Northwestern States (EBF llmin 

Ml) 

Far Western States (EBF llmin sd) 
The above series of films feature 
the land, people, natural resources, 
industry, and transportation of the 
areas named. 

Terracing in the Northeast (Castle 
llmin sd). Shows countryside in the 
Northeast, problems of farming it, 
and use of terracing in conservation. 

APPENDIX D 

Airplane Changes Our World Map 

(EBF llmin sd). Describes the evolu¬ 
tion of world-map concepts, prob¬ 
lems of projection distortion, various 
types of projection, and the newer 
air-map concepts. 

How to Read a Map (ITTCO lO¬ 
min sd). Shows how to read and in¬ 
terpret geographical and military 
maps. 
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SOURCES OF FILMS LISTED 

Air-Age Education Research, 80 E. 42d St., New York 17 
AmCan—American Can Co., 230 Park Ave., New York 17 
AmPotash—American Potash Institute, 1155 Sixteenth St., N.W., Washing¬ 
ton 6, D. C. 

Barr Productions, 6211 Arroyo Glen, Los Angeles 42, Calif. 

By-Product Ammonia, Educational R: Research Bureau, 50 W. Broad St., 
Columbus 15, Ohio 

Castle Films, 445 Park Ave., New York 22 

EK—Eastman Kodak Stores, Kodascopc Libraries Division, 356 Madison 
Ave., New York 17 

EPS—Edited Pictures System, 165 W. 46th St., New York 19 
EBF—Encyclopaedia Britannica Films, 20 N. Wacker Dr., Chicago 6 
GM—General Motors Corp., 3044 W. Grand Blvd., Detroit 2, Mich. 

Gray, Ralph E., Apt Postal 2747, Mexico City, Mexico 
Hollywood Film Enterprises, Inc., 6060 Sunset Blvd., Hollywood 28, Calif. 
ITTCO—International Theatrical & Television Corp., 25 W. 45th St., New 
York 19 

Knowledge Builders, 625 Madison Ave., New York 22 
MOT—March of Time, 369 Lexington Ave., New York 17 
NFAS—National Federation of American Shipping, 1809 G St., Washing¬ 
ton 6, D. C. 

National Fertilizer Association, 616 Investment Building, Washington 5. 
D. C. 

NFBC—National Film Board of Canada, 620 Fifth Ave., New York 20 
New Zealand Legation, 19 Observatory Circle, N.W., Washington 8, D. C. 
NuArt Films, Inc., 145 W. 45th St., New York 19 
Pictorial Films, Inc., 1270 Ave. of the Americas, New York 20 
PFC—Princeton Film Center, 55 Mountain Ave., Princeton, N. J. 

Shell Oil Co., Public Relations Department, 50 W. 50th St., New York 20 
Simmel-Meservey, 321 S. Beverly Dr., Beverly Hills, Calif. 

TFC—Teaching Film Custodians, 25 W. 43d St., New York 18 
TVA—Tennessee Valley Authority, Information Office, Knoxville, Tenn. 
United—United World Films, Inc., 445 Park Ave., New York 22 
United Fruit Co., Education Department, Pier 3 North River, New York 6 
USBM—U. S. Bureau of Mines Experiment Station, 4800 Forbes St., Pitts¬ 
burgh 13, Pa. 

USWB—U. S. Weather Bureau, Department of Commerce, Washington 25, 
D. C. 



Index 


A 

Abrasion, 232. 233 
Acacia tree. 413 
Acadia National Park, 231. 352 
Acid soil, 427 
Adiabatic lapse rate. 29 
of mountain winds, 153 
Adirondack Mountains, 301, 502 
Africa, coal fields in. 449, 451 
map of, 020 
plateau of, 280, 287 
rivers of, 280 
Agassi/, Louis, 278 
Agassi/ Plain, 278, 279, 493, 491 
Aggradation, 190 
Agonic line, 15, 10 

Agricultural regions of United Stales, map of, 
479 

Air, composition of, 21 
in soil, 429 
weight of, 40 
Air-conditioning. 79 
Air drainage, 33 
Air mass, 27, 28 
analysis of, 113-118 
colder than ground, 118 
warmer than ground, 118, 119 
Air pressure, 45-49 
decrease of, with altitude, 47, 48 
horizontal distribution of, 48 
Aircraft, icing of, 89, 91 
and winds, 55-57. 525 
Airlines, of United States, 117 
AitofFs map projection, 540 
interrupted, 540, 541 
Alabaster, 467 

Alaska, climate of, 180, 181 
glaciers of, 227, 322 
map of, 321 
Aleutian Islands, 202 
Aleutian low, 59 
Alfalfa, value of, 430 
Alkali water. 365 

Allegheny-Cumberland region, 295, 296, 501, 

502 

Alloy, 459 

Alluvial fan, 225, 226, 257, 477 


Alluvial terraces, 255 
Alluvium, 216 
Altimeter. 524 
Aluminum, 461 
Amazon basin, 397-399 

Anaconda-Butte mining district, 464, 466, 490 
Andes Mountains, 314, 315 
Anemometer, 52. 55, 56, 115, 525 
Aneroid barometer, 524 
Annual plants, 394 
Antarctic Circle, 9, 10, 517 
Antarctica, climate of, 181 
glaciers of, 293 
ice plateau of, 292 
Antecedent river, 297, 502 
Anthracite, 194, 446, 448, 553 
Anticline. 199, 298. 451, 452 
Anticyclone, 103 
Great Basin high, 112, 150 
over Gulf states, 164 
paths of, 110 
temperature in, 105 
winds in, 103 

Appalachian hill region, 295. 296, 501, 502 
Appalachian ridge-and-vallcv region, 296-298, 
502 

Arabian oil fields, 456, 457 
Arctic Circle, 9, 10, 516 
Arica (Chile), climate of, 113 
Arroyo, 290 

Artesian wells, 369, 370 
Asbestos, 188 

Asia, coal fields of, 449, 450 
map of, 619 

Asphalt base oil. 451. 453 
Asphalt lake (Trinidad), 455, 456 
Asteroids, 3 
Astronomy, defined, 1 
Atacama Desert, 144, 145, 469, 470 
Atlantic coastal plain, 504-506 
Atmosphere. 5 
composition of, 21, 22 
compression of, 28, 29 
cooling of, 28, 29 
heating of, 26, 27 
pressure of, 45-49 
Atolls, 353, 354 
Australia, map of, 621 
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Avoirdupois weight, 557 

Axis, earths, inclination of, 7, 9, 10, 515 

Azimuth, 114 

Azurite, 188, 554 

B 

Backing of the wind, 113 
Bacteria, nitrogen-fixing, 426 
Bad Lands, 243, 244 
Bagnell Dam, 383-385 
Baker, Mount. 311 
Baku oil field, 456, 457 
Banana tree, 136, 402 
Barnacles, 483 
Barograph, 45. 46. 524 
Barometer, 45, 523 
aneroid, 524 
Basalt, 289, 553 
Base line, 245 

Basin and Range region, 487-189 
Basin Ranges (Nevada), 310. 187 
Bauxite, 464 
Bayou, 254 

Bear Butte (South Dakota). 201. 205 
Beaufort scale of wind velocity, 56, 525 
Bedrock of United States, 195 
Belgian Congo, life in, 400, 101 
Benguela Current, 337, 339 
Bcrthoud Pass, 317 
Big Horn Mountains, 490 
Bituminous coal, 446, 448, 553 
Black-earth bcjts, 177 
Black Hills, 300. 492 
Blizzard, 105, 173 
Blue Ridge Mountains, 298. 503 
Bolivia, plateau of, 285 
Bonne’s map projection, 513 
Bonneville Dam, 380 
ancient lake of, 488 
Boulder Dam (see Hoover Dam) 

Breakers, 333 
Bryce National Park, 489 
Butte, 291 
Bear, 204, 205 

C 

Cacao tree. 136. 137 
Calcite, 554 
Caldera, 312 
California Current, 339 
California oil fields, 452-455 
Campos (Brazil), 139 
Canaveral, Cape, 348, 350 
Canyons, 288-290 

Capacity of air for water vapor, 77 
Capillary water in soil, 429 
Capulin, Mount, 201, 300 
Carbonation, 213 * 

Carbonic acid, action of, 213 


Carboniferous age, 444 

Caribbean oil region, 455, 456 

Caribou, value of, 180, 181, 417, 418 

Carlsbad Caverns, 193, 218, 219 

Carson Sink, 488 

Cartogram, 543 

Cartographer, 538 

Cascade Mountains, 318, 319, 485, 486 
Cascade Tunnel, 318, 319, 380 
Caves. 218, 219, 312 
Ceiling, cloud. 114 
Cement. 193 

Centigrade scale. 22, 23, 522 
Centrifugal force, 6 
Chalcopy rite, 554 
Chalk, 193 

Chaparral, 160, 403. 405. 481 
Chemical element, 556 
Chemical weathering, 212-213 
Chernozem soil. 434, 135 
Cherrapunji (India), 111 
Chert, 193 

Chesapeake Bay. 341, 342 

Chicago Canal, 280 

Chicle, 402 

China, map of, 231 

Chinook wind, 152, 153 

Chlorine used in city water. 371 

Chronometer, 11 

Cinchona tree, 102 

Circle of illumination. 6 

Cirque, 323, 321 

Cleavage of minerals, 551 

Climate, dry, 112-153 

humid continental. 169-178 
humid subtropical, 161-166 
ice-cap, 181 

low-latitude desert, 144 
low-latitude steppe, 148 
marine west-coast. 166-169 
Mediterranean, 157-161 
middle-latitude desert, 148-150 
middle-latitude steppe, 150-153 
mountain, 181, 182 
savanna, 139-112 
subarctic, 178-180 
tropical rainforest, 133-139 
tundra. 180-181 
types of, 130-183 

Climatic data for selected places, 519, 520 
Climatic regions, world map, 132 
Climatology, defined, 2 
Clinometer, 115 
Cloud, 83-88 

base of, calculation of, 83 
ceiling of, 114, 528 
chart of types, 88, 531, 532 
cirrus, 86 

cumulonimbus, 84, 85 
cumulus, 84 

effect of, on temperature, 30 
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Cloud, nimhostratus, 86 
number of cloudy days, 88 
stratus, 86, 87 
Coal, 193, 444-450 
accessibility of, 446 
anthracite, 194, 446, 448, 553 
bituminous, 446-448, 553 
coking, 446 
conservation of, 450 
formation of, 444 
Coal fields, important, 418-151 
Coal reserves, in North America, 416 
Coast Ranges (California), 300, 477, 480 
Cod, Cape. 352 
Coffee tree, 142 
Cold front, 102, 109 
symbol of, 107 
Colorado piedmont, 259, 491 
Colorado plateaus, 285, 286, 489 
Grand Canyon of, 288-290 
location of, 287 
rocks of, 287 

Colorado River, delta of, 251, 252 
Grand Canyon of, 288-290 
use of, for irrigation, 374-379 
Columbia Plateau, 287, 486, 487 
Columbia River, dams on, 380 
Columbia River estuary, 312 
Compass, magnetic, 15 
use of, in aviation, 17 
Condensation of water vapor, 74 
cause of, 80, 81 
forms of, 81 -91 
latent heat of, 71, 75 
Conduction, 26 
Conglomerate, 193, 191, 553 
Conical map projection, 540, 512 
Connecticut Valiev, 508 
Conservation, problem of, 362, 363, 393 
of coal, 450 
of forests. 110-112 
of grasslands, 415, 416 
of ground water. 370. 371 
of petroleum, 457, 458 
of soils, 435-437 
Continental glaciation, 228 
Continental plateaus, 286, 287 
Continental polar air mass, 116 
Continental shelf, 240 
Contour interval, 544 
Contour line. 544 
Contour maps. 544-546 
Contour plowing, 439 
Convection, 27 
Conversion tables, 557 
Copper, 465, 466 
Copper ores, 554 
Copra, 136 
Coral reefs, 352-354 
Cork oak tree, 160, 403 
Corn belt, American, 174, 175, 492 


Cotton, 165 

American cotton belt, 479, 499 
Cotton gin, 498 

Course, magnetic, definition of, 17 
how measured, 13 
true, definition of, 17 
wind effect on. 57 
Crater, volcanic, 200 
Crater Lake (Oregon), 312, 314, 485 
Crevasse, glacial, 227 
Crop rotation, 426 
Crystallography, 188 
Crystals, mineral, 552 
Cumberland highland, 502 
Cyclone. 100-102 
precipitation in. 103, 104 
pressure in, 100 
speed of, 101 

temperature in. 102. 106, 107 
tracks of, 101, 110 
vertical sections. 108 
winds in, 101, 102 

I) 

Dakota sandstone, 205 
as source of water. 369. 370 
Day, length of, 21. 518 
Dead Sea (Palestine), 199, 457 
Death Valley, 488 
Deciduous trees. 397, 406 
Deflation, 232 
Deforestation, 436 
Degradation, 196 
Delaware Bav. 311, 342 
Delta. 247 

Colorado River, 251, 252 
Mississippi, 248, 500 
Nile, 250, 251 
of North China. 250 
plains of, 247-252 
Rhine, 249 

Dendritic drainage, 243, 294 
Density, definition of, 4, 27 
Desert, 142-153 
Gobi, 149 
life in, 147 
low-latitude, 144 
middle-latitude. 148-150 
Sahara. 144 
soil of, 435 

vegetation of, 416, 417 
Devil’s Tower National Monument, 202, 492 
Dew, 81, 82 

Dew point, definition of. 78 
table (with relative humidity). 76 
Diastrophism, 196 
Differential weathering, 213, 214 
Direction, how to determine, 15 
Dismal Swamp, 240 
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Divide, 220. 316 
continental, 316, 317 
Doldrums, 59, 60 
Dome mountains, 307 
Donetz coal basin, 449, 450 
Douglas fir, 168, 406-408, 477, 485 
Drainage, basin, 220 
dendritic. 243, 294 
interior, 291 
soil, 430, 431 
trellis, 297, 299 
Drift less area, 228 
Drouth, 106, 174 
Drouth-resistant plants, 396 
Drumlins, 268-270 
Dust in air, 22 
Duststorms, 152 

K 

Earth, 3, 4, 5 
age of, 196 

axis of, inclination of, 7, 9, 10, 515 
orbit of, 6. 7 

revolution around sun, 6, 7 
rotation on axis, 5, 6 
seasons of, 515-518 
shape of, 4 
size of, 4 
speed of, 6 
Earth grid, 8 
Earthquakes, 206-208 
Eclipse, 4 

Emerged mountain coasts, 349 
England, coal fields of, 449 
Eniwetok Island, 354 
Eolian soils, 424 
Epiphytes, 399 
Equator, 8 
Elquinox, 9 
autumnal, 515 
vernal, 515 
Erosion, 216-235 
agents of, 216 
headwater, 219, 220 
soil, checking, 437, 439 
wave, 231 
wind, 437 

Erratics, glacial, 229, 268 
Escarpment, 270. 271 
Estuary, 341, 342 
Ethiopia, periodic rain in, 251 
Etna, Mount, 202, 311 
Europe, coal fields of, 448-450 
map of, 561 
Evaporation, 73 
Everest, Mount, 306 
Everglades (Florida), 210, 241 
Exfoliation, 214, 216 
Exotic streams, 147, 250 


F 

Fahrenheit scale, 22, 23, 522 
Fall line. 240, 242, 505 
Fathom, 332 
Fathometer, 332, 333 
Fault, 197, 198, 307, 452 
Fault scarp, 198, 307 
Feldspar, 554 

Fertilizer, mineral, 469, 470 

Finger Fakes (New York), 301, 302, 502 

Fiord, 314-346 

Fishing banks, 419 

Flint. 193 

Floodplains. 224. 225. 253-255 
drainage of. 257 
Moods, river. 255, 256 
Florida Keys, 354 
Fluorescent minerals, 188, 189 
Foehn wind, 153 
Fog, advert ion, 82 
California, 82, 339 
London. 81 
Newfoundland, 82 
radiation, 81 

relation of, to ocean currents. 339, 340 
Folded Appalachians. 296-298, 502 
Folding of rocks, 198, 199 
Fool’s gold, 554 
Forecasting weather, 111-113 
Forests, conservation of, 410, 411 
hardwood, 405, 406 
marine west-coast, 168, 408 
midd 1 e-la tit tide, 403-405 
regions of, in United States, 404 
softwood, 406-410 
southern pine, 409 
taiga, 178, 179. 406, 407 
tropical, 397-403 
types of, 397 
Fort Peck Dam, 256 
Fossils, 196 

I 7 font Range (Colorado), 489 
map of, 309 

Fronts, of air masses, 108, 109 
Frost, 34, 35, 82 
Fruit-drying, in California, 161 
Fuji, volcanic cone of, 311 
Fundy, Bay of, 82 
tides in,. 336 

G 

Galena, 188, 462, 554 
Geography, definition of, 2 
Geology, definition of, 1 
Geophysics, 2 
Geyser, 205, 206 
Glacial lake plains, 278, 279 
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Glaciated plains, 203-281 
drill, 266-280 
European, 277 
ice-scoured, 261-266 
North American, 277 

Glacier National Park, 215, 226, 316, 324, 325 
Glaciers, work of, 226-230 
erosion by, 228, 229 
lakes formed by, 301, 302 
moraines of, 230 
spillways of, 279, 280 
types of, 227 
valley, 227 
Glaze, 89, 90 
Gneiss, 194, 553 
Gnornonic map projection, 12 
Gobi, The, 149, 233, 231 
Gold, 466 
Golden Gate, 481 

Goode’s homolosine projection, 510, 542 
Graben, 197, 198 
Gradation, 212 
mobile processes of, 216-235 
static processes of, 212-216 
Gradational forces, 196 
Gradient of stream. 220 
Grand Ranks, 508 
Grand Canyon. 285, 288-290 
Grand Coulee Dam, 380. 381, 486 
Granite, 191, 194, 553 
Graphite, 194, 554 
Grasslands, 412*416 
conservation of, 415 
Gravitation, attraction of, 6 
Gravity, force of, 4 
Great Barrier Reef, 353 
Great Basin (Nevada), 149, 488 
anticyclone, or high of, 112, 150 
location of, on map, 480 
resources of, 489 

Great California Valley, 310, 180, 183 
Great circle, 8. 13 
Great Lakes, 271 
navigation on, 387 
resource value of, 493 
as water supply, 371 
Great Lakes-St. Lawrence waterway, 271 
Great Plains (United States), 242, 243, 415, 490- 
492 

Great Salt Lake, 488, 489 
Great Smoky Mountains, 298, 503 
Green Mountains, 506 
Greenland, 227 
glaciers of, 293 
ice plateau of, 292 
Greenwich, location of, on map, 341 
meridian of, 10 
Grid, earth, 8 

Ground water, 216-218, 364-370 
Groundspeed of airplane, 57 


Growing season, 34 
Gulf coast oil fields, 452, 453 
Gulf coastal plains, 497-499 
Gulf Stream, 167, 338, 340 
Gullying, 220, 437, 438 
Gypsum, 193, 467, 554 

Ii 

Hail, 89 

annual number of days with, 123 
in thunderstorms, 122 
Halite, 188, 554 
Hanging valley, 322, 323 
Harbors, 354-356 
Hard water, 365, 366 
Hardness, scale of, for minerals, 552 
Hardwood forests, 405, 406 
Hawaiian Islands, and air route to China, 
map of, 203 

Pearl Harbor (Oahu), 334 
rainfall of, 61 
tidal wave of 1946, 207 
volcanoes of, 202, 203 
Headwater erosion, 219, 220 
Heating of land and water. 25 
Helium, 114 
Hematite, 189, 460, 554 
Henry Mountains, 204 
Hill lands, 294-302 
definition of, 295 
Hill regions of eastern states, 293 
Hinterland, 340 
Hood, Mount, 311 
Hoover Dam. 191, 291, 375-377 
Horse latitudes, 62, 63 
Horst, 197, 199 
Hot springs, 204, 205 
Hot wave, 173 

Houston (Texas) Ship Canal, 348 
Hudson River, 355. 356 
Humboldt Current. 339 
Humid continental climate. 169-178 
Humid subtropical climate, 161-166 
Humidity, 75-80 
absolute, 77 

instruments for measuring, 526, 527 
problems on, 78, 79 
relative, 77-80 
specific, 79 

table of (with dew point), 76 
Humus, 426 
Hurricane, 119, 120 
Hwang Ho delta, 250 
Hydration, 213 
Hydrosphere, definition of, 5 
Hygrograph, 75, 527 
Hygrometer, 75, 526 
hair, 527 

wet- and dry-bulb, 526 
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I 

Tce-cap climate, 181 
Ice plateaus, 292. 293 
Ice-scoured hills, 300-802 
Iceland low, 59 
Icing of aircraft, 89, 91 
Igneous extrusion, 189-191 

Columbia Plateau as example of, 203 
Igneous intrusion, 191, 203 
dike in, 203 
sill in, 203, 201 
Igneous rocks, 190, 191. 553 
Immature soil, 431, 432 
Imperial Darn, 375 
Imperial Valley, 252, 379, 483 
map of, 251, 378 
Impervious rock, 192. 451 
springs formed by. 366 
Inclination of earth’s axis, 7, 515 
India, monsoon winds of, 66 
Inland navigation, 385, 386 
Insolation, 23, 24 
Interior drainage, 291. 292 
Interior lowlands (United States). 492-496 
Intermontane plateaus. 284-286 
International date line, 10 
Iquique (Chile), 470 
climate of, 143 
Iran oil fields, 457 
Iron ore, 193, 459-464 
in Brazil, 462 
reserves of, 463 
in Superior upland, 494, 496 
Irrigated lands of United States, 375 
Irrigation, water for. 372-380 
from Colorado River, 374-378 
Irrigation projects, map of. 323 
Isobar, definition of, 47, 529 
in January, 48, 50 
in July, 49, 51 
Isogonic line, 15, 16 
Isotherm, definition of, 36, 529 
January, 36 
July, 36 
maps, 38, 39 

J 

Jaluit Island, 354 

Japan Current, 339 

Japan, 1923 earthquake of, 206, 207 

Joints in rocks, 197 

Jungle, tropical, 399 

K 

Kalahari Desert, 144 
Kame-and-kettle topography, 273-275 


Karst plains, 244-246 
in Florida, 247 
Karst topograph), 217 
Katmai Volcano, 202. 321 
Keokuk, lmlroelectric plant at, 244, 383 
Klamath Mountains, 477, 480 
Krakatao Volcano, 202 

L 

Labrador Current. 82, 339 
Laccolith, 204 . 

Lagoons, 347, 350 
Lake of the O/arks, 383, 384 
Lake of the Woods. 265, 266 
Lakes, used for recreation, 387, 388 
Lambert projection, 13 
Land and sea breezes, 66, 67 
Landforms, causes of, 195 
principal types of, 195 
Landscape, types of, 223 
Landslides, 217 
Lapidar\, 189 
Lassen, Mount, 480, 484 
Latent heat of condensation, 75 
Laterites, 432 
Latitude, 9 

Lamentian Shield, map of, 466 
Leaching of soils, 138 
Lead, 464, 465 

Leeward side, definition of, 52 
of mountains, 61 
Legume, 426 
Levee, artificial, 248 
natural, 247, 248 
Lewis Range (Montana), 198 
Lianas, 399 
Lightning, 122 
sheet. 123 
Lignite, 445, 448 
Lime, 193, 467 

used on soil, 427, 428 
Limestone, 192, 553 
Bedford, 193, 467 
Limonite, 188, 189, 193, 460, 554 
Lithosphere, 187 
Llanos, 139 
Loam, 428 

local relief, definition of, 239 
in hill lands, 295 
in mountains, 306 
in plains, 239 
Loess, 143, 233, 424, 425 
in China, 234 
in United States, 235 
Long Island (New York), 352 
glacial moraine on, 276 
Longitude, 10, 11, 13 
Lorraine iron field, 462 
Los Angeles, water supply of, 378 
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Low latitudes, desert of, 144 
steppe of, 148 
Luster of minerals, 552 

M 

McKinley, Mount, 321 
Magma, 203 

Magnetic variation, 15, 1(5, 17 
Magnetite, 460 
Mahogany trees, 402 
Malachite, 188, 554 
Malaspina Glacier, 227 
Mammals, sea, 419 
Mammoth Cave, 193, 246 
Mantle rock, 194, 195, 432 
Maps, 538-546, 558-564 
cartogram, 543 
contour, 544-546 
political, 543 
projections, 13, 538-543 
scale of miles, 538 

Maracaibo, Gulf of, oil region of, 455, 456 
Marble, HM, 553 
Marginal lakes, glacial, 277, 278 
Marginal moraines, 273 
Marine west-toast climate, 166-169 
Maritime polar air mass, 115 
Maritime tropical air mass, 116 
Marshall Islands, climate of, 134 
location of. 351 
Matagorda Island, 347 
Matterhorn, 325 
Mature soil, 431 
Mead, Lake, 191, 375-378 
Meander, in river, 222 
Measurement, tables of, 557 
Mechanical weathering, 214 
Mediterranean climate, 157*161 
Mercator map, 12, 539 
Meridian of longitude, 10 
Mesa, 290, 291 

Mesa Verde National Park, 147, 489 
Mesabi iron range, 189, 460, 461, 491 
Metallic minerals, 458-466 
Metals, classes of, 458 
Metamorphic rocks, 194, 553 
Meteorograph, 528 
Meteorology, definition of, 2 
Meteors, 6, 7 
Metric system, 557 
Mexico, plateau of, 285 
Mica, 188, 554 

Middle East, oil fields of, 456, 457 
Middle latitudes, deserts of, 148-150 
steppe of. 150-153 
Mid-Continent oil field, 452, 453 
Midway Island, 11, 354 
Millibar, 47 
Mineral springs, 367 


Minerals, 187-189 
common, list of, 554 
crystalline form of, 188, 552 
identification of, 188, 551, 552, 554 
specific gravity of, 552 
Minnesota, Arrowhead country of, 266 
Mirage, 150 

Mississippi floodplain, 499, 500 
Missouri River floods, 256 
Mitchell, Mount, 503 
Moffat Tunnel, 317, 318 
Mohave Desert, 378. 480, 483 
Mohawk Valley, 280 
Monsoon winds, 65, 66 
in India, 141 
Moon, 3 
eclipse of, 4 
halo of, 84 
phases of, 4, 335 

Moraine, end, or terminal, 230. 273, 322 
glacial, 230 
ground, 230, 267 
marginal, 273 
in mountains, 322 
Motions of earth, 5, 6 
Mountain and valley breezes, 67, 68 
Mountains, 306-327 
climate of, 181, 182 
cordillera, 308 
highest, 557 
how formed, 307 
passes, 317 
peaks, 307 
ranges. 308 
system, 308 
value of, 327 
volcanic, 311, 312 
Muscle Shoals, 214, 298 

N 

Naval stores, 109. 410 
Nautical mile, 12 

Natural resources, classification of, 363 
forests, 397-412 
grasslands, 412-416 
minerals, 444-470 
soils, 424-440 
water, 363-388 

Natural levee, 225, 247, 218, 500 
Narragansett Bay, 508 
Neap tides, 335 

Netherlands, delta land of. 249 
New England region, 506-508 
New England shoreline, 352 
New York harbor, 355, 356 
New York state barge canal, 271 
Newfoundland, fogs in, 82, 340 
map of, 82 

Niagara escarpment, 270, 271 
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Niagara I alls, 270, 271, 381, 385 
Nickel, 466 
Nile River, 251 
delta of, 250 
Nitrate of soda, 469, 470 
Nitrogen, in air, 21 , 
in fertilizers, 469, 470 
Normal lapse rate, 31 
North America, map of, 559 
North Atlantic Drift, 167, 337, 338 
Nyassa, Lake, 199, 387 

O 

Obsidian. 191, 553 
Ocean currents, 336-340 
climatic effects of, 310 
world map of. 337 
Ocean shore, features of. 340-350 
Ocean water, composition of, 331, 332 
depth of, 306, 332, 333 
life in, 418-420 
movements of, 333-340 
pressure of, 332 
temperature of, 332, 339 
Oceanography, definition of, 2 
Occlusion, 110 
Offshore bars, 346, 347, 350 
Oil shale, 457 
Old Faithful geyser, 206 
Olive tree, 405 
Olympic Mountains, 477 
Ontario, glacial lakes of, 265, 266 
Ontario clay belt, 279 
Orchard heaters, 35 
Ore, definition of. 189, 551 
deposits of, 459 
iron, 459, 460 
Outcrop, of rock, 195 
Outwash plain, 230, 274-276 
Oxbow lake, 254 
Oxidation, 213 

Ozark hill lands, 296. 496, 497 
P 

Pacific coast region, 476-483 
Palestine, 457 
Pamlico Sound, 352 
Pampas, of Argentina, 258 
Panama Canal, 356-358 
Paraffin-base oil, 451 
Parallel of latitude, 8 
Parasites, 399 

Parfcutin Volcano, 200-202 
Parker Dam, 375, 378 
Parks, mountain, 308, 309 
Patagonia (Argentina), 149 
plateau of, 286 
Pearl Harbor, 334 


Peat, 273, 445 
Pelee, Mount, 202 
Perennial plants, 394 
Peru Current, 337, 339, 340 
Petrified wood, 218 
Petroleum, 451-458 

in Arabian fields, 456, 457 
in Asia, 456 

in Caribbean field, 455, 456 
conservation of, 457, 458 
in Europe, 456 
occurrence of, 451, 452 
pipe lines for. United States, 151 
reserves of, 457 
in South America, 455 
in United States, 451-455 
Phases of moon, 4, 335 
Phosphate fertilizer, 426, 470, 471 
Physical geography, definition of, 2 
Piedmont alluvial plain, 257, 258 
Piedmont plateaus, 286 
Piedmont region. 242, 503, 501 
Pikes Peak (Colorado), 23, 309, 319 
atmospheric pressure on, 523 
Pilot balloon, 114 
Pine forest, southern, 409 
Plains, 239-281 
coastal, 239, 210 
delta, 247-252 
glaciated, 263-281 
interior, 240 
karst, 244-246 
old alluvial, 247 
stream-eroded, 240-214 
of United States, 215 
Planets, names of, 3 
Plankton, 418 
Plant life, native, 394-120 
principal groups of, 394-396 
world map of, 395 
Plateaus, 284-293 
arid, 288-291 
continental, 286, 287 
ice, 292, 293 
intermontanc, 284-286 
piedmont, 286 
Playa lakes, 292 
Po River, plain of, 258 
Podzols, 433 

Polar map projection, 13 
Polar winds, 64 
Polder, 249 

Polyconic map projection, 542 
Population, and soil resource, 436 
Population map of world, 541 
Porous rock, 192 
springs formed by, 366-368 
Porphyry, rock, 190 
Portland Canal (Alaska), 345 
Potash, 426, 470 
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Potomac River estuary, 342 
Prairie, 412, 414 
soils of, 485 
Precipitation, 88-95 
convectional, 90 
cyclonic, 92, 94 
forms of, 88, 89 
in mountains, 182 
orographic, 91, 92 
Pressure gradient, 49 
relation of, to wind, 49 
Pribilof Islands. 321, 419 
Principal meridian, 245 
Puget Sound, 346 

Puget Sound-Willamette lowland, 182, 483 
Pumice stone, 200, 553 
l'yrite, 554 

Q 

Quartz, 187, 188, 554 
Quartz sand, 466, 467 
Quartzite* 194 , 553 
Quebracho tree, M2, 102 
Quinine, 102 

R 

Radar, use of, in upper-air soundings, 54 
Radiation, solar. 23 
Radiosonde, 113, 114, 528 
Rain, 88 
convectional, 90 
cyclonic, 92, 94, 104 
dash type, 91 
drizzle, 92, 94 
Rain gage, 89, 527, 528 
Rain shadow, 92, 486 
Rainbow, 84 

Rainbow Natural Bridge, 289 
Rainfall of United States, 93 
dependability of, 95 
heaviest, 477 

Rainier, Mount, 202, 311, 313, 346, 185 
Redwood forest, 168 
Reef, coral, 353, 354 
definition of, 352 
Regolith, 194, 195, 432 
Reindeer, 417, 418 
Relief maps, 544-546 
Resin, of pine tree, 410 
Rhumb line, 12 

Rift valley, or graben, 197, 198 
Rivers, 218-235, 239-259 
antecedent, 297 
erosion by, 221-223 
floodplain of, 224, 225 
graded, 221 
length of longest, 557 
meander of, 222 


Rivers, mineral load of, 191 
navigation of, 385-387 
valleys and systems of, 220, 221 
Roaring forties, 64 
Rock, basin, 230, 264, 265 
classes of, 190-194, 553 
crystalline, 191 
definition of, 187, 553 
extrusive, 189-191 
intrusive, 191 
joints in, 197, 214 
mantle, 194, 195 
outcrop, 195 
porous, impervious, 192 
Rocky Mountains, 309, 325. 326 
coal fields in, 448 
National Park, 490 
northern, 490 
oil fields in. 452, 453 
southern, 489, 490 
Roosevelt Dam, 379 
Royal Gorge, 313 
Rubber tree. 135, 136. 400, 401 
Ruhr basin, 462 
Runoff, of rain, 218 
Rush more. Mount, 190 

S 

Saar coal basin, 449, 450, 462 
Sacramento Valley, 258 
Sahara Desert, 144 
St. Gotthard Tunnel, 319 
Salt, 467, 468 
rock, or halite, 193, 554 
.Salt River irrigation project, 379, 380 
Sal ton Sink, 251 
San Andreas fault, 206 
San Francisco Bay, 349, 350, 351, 477, 481 
San Francisco earthquake, 206 
San Francisco Mountains, 489 
San Joaquin Valley, 258 
San Juan Mountains, 309, 326 
Sand, quartz, 466, 467 
Sand dunes, 143, 146, 233, 343, 344 
Sandstone, 192, 365, 553 
Dakota, 205, 369, 370 
in oil fields, 451, 452 
Sandy Hook. 343, 355 
Santa Clara Valley, 477 
Sargasso Sea, 338 
Satellite, 3 
Saturated air, 77 

Saudi Arabia, oil fields in, 456, 457 
Savanna, climate of, 139-142 
forests of, 400 
grasslands of, 412, 413 
life in, 141, 142 
Sawatch Mountains, 308, 489 
map of, 309 
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Scheelite, 189 
Scoria, 553 

Scotland, Lowlands of, 198 
Sea caves, 342 

Sea wall, at Corpus Christi, Texas, 348 
at Galveston, Texas, 349 
Seal, 419 

Seasons, change of, 515-518 
Section of land, 244 
Sedimentary rocks, 191-191, 553 
Seismograph, 206 

Sequence weather reports, 534-537 
Sextant, 9 
Shale, 192, 553 
oil, 457 

Shasta, Mount, 202, 312, 480, 481 
Sheet wash, 437 
Shenandoah Valley, 298, 502 
Shorelines, of emergence, 316-319 
of submergence, 341 -316 
Shoshone Dam, 315 
Siberia, 179, 180 
forests of, 178 

Sierra Nevada. 310. 326, 180, 181, 485 
Silicon dioxide, 187 
Silver, 466 

Simplon Tunnel, 319 
Singapore, climate of, 133, 131 
Sinkholes, 246 
Sirocco wind, 160 
Slate, 194, 467, 553 
Smelting of ore, 459 
Smog, 22 

Snake River, canyon of, 368, 486 
Snow, effects of, 171 

Snow cover, in United States, map of, 172 
Snowfall in United States, 94 
Snow gage, 527 
Snowline, 319, 320 
Sogne Fiord, 345 
Soil, 424-440 
acid and alkaline, 427 
alluvial, 146, 424 
chernozem, 434, 435 
color of, 429 
composition of, 424, 425 
conservation of, 435-440 
erosion of, 436-438 
mature and immature, 431, 432 
podzol, 433 
residual, 424 

texture and structure of, 428, 429 
in tropics, 432 
Solar system, 3 
Solstice, 9, 516, 517 
Solution, 213, 217 
Sonora Desert, 144 
"Soo’’ Canals, 271 
Sorgo, 151 

South America, map of, 617 


Soybean, 426 

Specific gravity, of minerals, 552 
Specific heat, 25 
Spectrum, solar, 83 
Sphalerite, 554 
Spillways, glacial, 279, 280 
Spit, 343 
Springs, hot, 204 
geysers, 206 

location of, in United States, 367 
subterranean streams. 216 
types of, 366 
Spring tides, 335 
Stalactite, 218, 219 
Stalagmite, 218, 219 
Standard time belts, 14 
Station model, weather, 52, 111 
Statute mile, 12 
Steppe, low-latitude, 118, 412 
middle-latitude, 118-150, 112, 111 
Stone Mountain, 501 
Stratosphere, 32 
Streams, deposition bv, 223-226 
work of. 218-226 
Striae, glacial, 229 
Strip-farming, 440 
Subarctic climate. 178-180 
Sublimation, 74 

Submerged mountain coasts, 314-316 
Subsidence, 103, 109 
Sudan of Africa, 139, 110 
Suez Canal, 357 
Sugar cane, 136 
Sulfur, 188, 468, 469 
Sun, altitude of, 9, 10 
diameter of, 6 
eclipse of, 4 
path of, 517 
vertical rays of, 9, 10 
Sun cracks. 252 
Supercharger, 32 
Superior air mass, 116 
Superior upland. 494-496 
Symbols, for weather map. 529-534 
Syncline, 199, 298 

T 

Taiga, 178, 179, 406, 407, 408 
Talc, 554 
Talus slope, 215 
Tanganyika, Lake, 199, 387 
Tarim basin, 285 
Teakwood, 142, 401, 402 
Tectonic forces, 196 
Temperature of air, 21-40 
annual range, 37 
daily average, 29 
daily range, 30 
decrease with altitude, 31 
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Temperature of air, cirect of cloud cover on, 
30 

inversion of, 33 
lowest in United States, 31 
in mountains, 182 
seasonal changes in, 30, 32 
sensible, 37 

Tennessee Valley Authority, 298 
map of, 382 
purposes ol, 380-383 
Terrace, marine, 3*19, 351 
Thames River. 311 
Thar Desert, Ml 
Theodolite, 53, 51, 111, 528 
Thermograph, 23, 522 
Thermometers, 22, 23 
maximum, 522 
minimum, 522 
Thunder, 123 

Thunderstorm, and airplanes, 123, 121 
cold-front type, 109, 121 
description of, 99 
in doldrums, 134 
lightning in, 122 
number per year, 121 
types of, 121 
Tibet, plateau of, 284 
Tidal bore, 336 
Tidal glaciers, 227 
Tidal inlet, 347 
Tidal race, 347, 351 
Tidal range, 335. 336 
Tidal waves, 207, 331 
at Hawaii in 1946, 207 
Tides, 331-336, 347, 351 
neap, 335 
spring, 335 
Tiger-eye, 189 
Timberline, 319 
Tin, 466 

Titicaca, Lake, 292 
Tokyo (Japan), climate of, 163 
Topographic maps, 545 
list of, 517*550 
Tornado, 124, 125 
Township, 244, 245 
Trade winds, 60-62 
Trees, classification of, 397 
Trellis drainage, 297. 299 
Triangle of velocities, 57 
Trinidad, asphalt lake in, 455, 456 
Tri-State mining region, 464, 465, 497 
Tropic of Cancer, 9, 10, 516 
Tropic of Capricorn, 9, 10, 517 
Tropical rainforest climate, 133-139 
animals of, 399, 400 
jungle of, 399 
soils of, 432 

Tropics, life in, 138, 399, 400 
Troposphere, 32 


Tundra climate, 180, 181 
animal life of, 417, 418 
vegetation of, 417 
Turbulent air, 27 
Turpentine, 410 
Typhoon, 119, 163 

U 

Uinta Mountains. 457, 489 
Undertow, 231, 333 

United States, agricultural regions of, 479 
major physical regions of, 478 
political map of, 558 
Upwelling of ocean water, 339 

V 

Valley of 10.000 Smokes, 321 
Valleys, glaciated, 322 
hanging, 322, 323 
mature, 222, 253 
old, 223, 253 
river. 221-223 
young, 221, 222, 253 
Veering of the wind, 113 
Vegetation, natural, 394-420 
world map of, 395 
Vein, mineral, 190, 218 
Veldt of South Africa, 139 
Vertical ray of sun. 9. 10 
Vesuvius, Mount, 202. 311 
Victoria Falls, Africa. 287 
Victoria, Lake, 251. 387 
Volcanism, 196, 200 
Volcanoes, 200-203 

W 

Waikiki, 333, 334 
Wake Island, 11, 354 
Walrus, 419 
Warm front, 110 
Warping of ear/h’s crust, 199 
Wasatch Mountains. 489 
Washington, Lake, 346, 482 
Washington, Mount. 57, 506 
Water gap, 297-299, 502 
of Columbia River, 485 
Water power, 372. 373, 371 
Water resources, 363-388 
Water, municipal, 371, 372 
purifying, 371 
surface supply, 370-388 
Water table, 217, 364, 368 
Water vapor in air, 21 
sources of, 73 
Wave-built terrace, 343 
Wave-cut terrace, 343 
Waves, ocean, 333 
work of, 230-232 
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Weather, elements of, 22 
forecasting of, 111-113 
sequence reports of, 531-537 
symbols used on map, 111, 529-534 
Weather map, 104, 528-534 
example of, 105, 106 
Weathering, 212-216 
Welland Canal, 270, 271, 461 
Wells, 367-370 
artesian, 369 

Westerlies, prevailing, 63, 61 
West Wind Drift, 337, 339 
Wet- and dry-bulb hygrometer, 526 
Whale, 419 
Wheat, 176 
White Mountains, 506 
Whitney, Mount, 484 
Wilson Dam, 382 
Wind, 49-68 
aloft, 114, 115 
backing of. 113 
Beaufort scale, 56, 525 
Chinook, 152, 153 
deflection of, 58 
direction of, 52, 53 
effect on airplane, 55-57, 525 
erosion by, 437 
monsoon, 65, 66 


Wind, planetary, 57-63 
upper, 55 
velocity of, 55-57 
Wind belts, 57-64 
Wind-blown sand, work of, 233 
Wind gap, 297 
Wind rose, 59 
Wind-shift line, 102 
Wind vane, 115, 521 
Windward side, definition of, 52 
of mountains, 61 
Wyoming basin, 478, 489 

Y 

Yakima Valley, 187 
Yazoo River, 255 

Yellowstone National Paik, 204 . 206 
Yosemite National Park, 310, 326, 484, 485 

Z 

Zambezi River, 287 
Zenith, 11 
Zinc, 464, 465 
Zion National Park, 489 
Zone of fracture, 197 
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